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CEREBROSPINAL FLUID AND PLASMA AMINO ACID LEVELS IN 
PATHOLOGICAL NEWBORN INFANTS
M. FEKETE, T. DECSI, K. ADAMOVICH, M. SZÁSZ, Z. PINTÉR
D e p a r t m e n t  o f  P a e d i a t r i c s ,  U n i v e r s i t y  M e d i c a l  S c h o o l  o f  P é c s ,
H u n g a r y
R e c e iv e d  14 J a n u a r y  1993
The c o n c e n t r a t i o n  o f  22 amino  a c i d s  was m e a s u r e d  
p a r a l l e l  i n  t h e  c e r e b r o s p i n a l  f l u i d  and p lasma i n  14 
p a t h o l o g i c a l  n e w b o r n  i n f a n t s  o f  3 6 . 3 + 4 . 3  ( 2 9 - 4 1 )  week s  
g e s t a t i o n a l  age and 2410^890  T 1 2 7 0 - 3 9 5 0 )  g ram s 
b i r t h w e i g h t ,  a t  t h e  age o f  3 7 .8 + 4 . 4  ( 3 0 - 4 3 )  
p o s t c o n c e p t i o n a l  w e e k s .  Wide i n t e r - i n d i v i d u a l  v a r i a t i o n  
was f o u n d  i n  t h e  c e r e b r o s p i n a l  f l u i d  c o n c e n t r a t i o n  o f  
each  amino a c i d .  I n  some o f  t h e  b a b i e s  t h e  
c o n c e n t r a t i o n  o f  a fe w  amino  a c i d s  i n  t h e  c e r e b r o s p i n a l  
f l u i d  was n e a r l y  e q u a l  t o  t h e  p l asma  l e v e l ,  and t h e  
c o n c e n t r a t i o n  o f  g l u t a m i n e ,  t h r e o n i n e  and h i s t i d i n e  was 
even  h i g h e r  t h a n  t h a t  i n  t h e  p l a s m a .  R e v e r s e  
r e l a t i o n s h i p  was o b s e r v e d  be tw e e n  t h e  m a t u r i t y  o f  
n e o n a t e s  and t h e  C SF /p l a s m a  amino  a c i d  r a t i o ,  w h i c h  was 
s i g n i f i c a n t  f o r  c i t r u l l i n e ,  m e t h i o n i n e ,  v a l i n e ,  
p h e n y l a l a n i n e ,  i s o l e u c i n e ,  l y s i n e  and l e u c i n e .  
S i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  was f o u n d  b e tw e e n  t h e  
p l a s m a  and c e r e b r o s p i n a l  f l u i d  c o n c e n t r a t i o n  o f  
t h r e o n i n e ,  a r g i n i n e ,  c i t r u l l i n e ,  m e t h i o n i n e ,  o r n i t h i n e ,  
i s o l e u c i n e  and l y s i n e .
INTRODUCTION
I n  s p i t e  o f  g r o w in g  i n t e r e s t  i n  t h e  b i o c h e m i c a l  d e v e l o p m e n t  
o f  human f o e t a l  and n e o n a t a l  b r a i n ,  t h e  a c c u m u l a t e d  k n o w l e d g e  
i s  s t i l l  f r a g m e n t a r y  p a r t l y  due t o  r i g h t  e t h i c a l  c o n c e r n s .  
S t u d i e s  on c e r e b r o s p i n a l  f l u i d  ( C S F ) ,  h o w e v e r ,  p r o v i d e  some 
i n s i g h t  i n t o  b r a i n  m e t a b o l i s m ,  s i n c e  t h e  c o m p o s i t i o n  o f  CSF i s ,  
a t  l e a s t  t o  some e x t e n t ,  d e t e r m i n e d  by t h e  b i o c h e m i c a l  m i l i e u  
o f  t h e  c e n t r a l  n e r v o u s  s y s t e m  p a re n c h y m a .
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D i s t o r t i o n s  o f  amino a c i d  m e t a b o l i s m  a n d / o r  h a em a to -  
e n c e p h a l i c  e x c h a n g e  i n  t h e  n e w b o r n  i n f a n t  may r e s u l t  i n  
a d d i t i o n a l  damage o f  t h e  b r a i n  w h i c h  i s ,  as w e l l  known,  a t  r i s k  
by a number  o f  o t h e r  f a c t o r s  r e l a t e d  t o  v a r i o u s  p e r i n a t a l  
p a t h o l o g y .  T h i s  a s s u m p t i o n  i s  b a c k e d  by r e c e n t  o b s e r v a t i o n s  
s u g g e s t i n g  t h a t  amino  a c i d  i m b a l a n c e  may a d v e r s e l y  i n f l u e n c e  
n e u r o c h e m i s t r y  / 1 2 / .  Some n e u r o t r a n s m i t t e r s  pe r  se a r e  amino 
a c i d s  o r  t h e i r  d é r i v â t e s  / 7 / ,  o f  w h ic h  i n c r e a s e d  CSF 
c o n c e n t r a t i o n  have  been f o u n d  t o  be r e l a t e d  w i t h  c o n v u l s i v e  
a c t i v i t y  / 4 ,  1 4 / .  Rothman and G l n e y  / 1 3 /  s u g g e s t e d  t h a t  
g l u t a m a t e  may have  a r o l e  i n  t h e  p a t h o p h y s i o l o g y  o f  h y p o x i c -  
i s c h a e m i c  b r a i n  damage.
The o b j e c t i v e  o f  t h i s  s t u d y  was t o  measure CSF amino a c i d  
l e v e l s  p a r a l l e l  w i t h  p lasma c o n c e n t r a t i o n s  i n  newb orn  i n f a n t s  
i n  o r d e r  t o  c o l l e c t  b a s e l i n e  d a t a  f u r t h e r m o r e  t o  l o o k  f o r  
m a t u r i t y  o r  p a t h o l o g y  d e p e n d e n t  c h a r a c t e r i s t i c s  o f  amino a c i d  
t r a n s p o r t  b e t w e e n  b l o o d  and c e n t r a l  n e r v o u s  s y s t e m .
PATIENTS AND METHODS
F o u r t e e n  n e w b o r n  i n f a n t s  o f  3 6 . 3 + 4 . 3  ( 2 9 - 4 1 )  weeks 
g e s t a t i o n a l  age  and 2410+890 ( 1 2 7 0 - 3 9 5 0 У  grams b i r t h w e i g h t  
(means+SD) w e re  s t u d i e d  a t  t h e  p o s t c o n c e p t i o n a l  age o f  37.8+_4.4 
( 3 0 - 4 3 У  w eeks .  A l l  s t u d y  b a b i e s  s u f f e r e d  f r o m  s e v e r e  p e r i n a t a l  
p a t h o l o g y ,  r e l a t e d  t o  h y p o x i a - a s p h y x i a  i n  9,  m a j o r  e x t r a - c e n t r a l  
n e r v o u s  s y s t e m  m a l f o r m a t i o n  i n  3 and s e p t i c e m i a  w i t h  no 
m e n i n g i t i s  i n  2 c a s e s .  The l u m b a r  p u n c t u r e  and b l o o d  s a m p l i n g  
was d e c i d e d  on c l i n i c a l  g ro und  as a p a r t  o f  d i a g n o s t i c  w o r k u p .  
Amino  a c i d  c o n c e n t r a t i o n s  were m e a s u r e d  i n  a d d i t i o n  t o  r o u t i n e  
b i o c h e m i c a l  and b a c t é r i o l o g i e  s t u d i e s .  The b a b i e s  were  f e d  w i t h  
banked  human m i l k  o r  i n  case o f  need  r e c e i v e d  g l u c o s e - s a l i n e  
d r i p  i n f u s i o n .  B l o o d  and CSF s a m p l e s  were  c o l l e c t e d  be tw een  8 
and 11 i n  t h e  m o r n i n g .
The b l o o d  s a m p l e s  were t a k e n  f r o m  p e r i p h e r a l  v e i n  by 
v e n e p u n c t u r e  and  t h e  p lasma was i m m e d i a t e l y  s e p a r a t e d .  Plasma 
and CSF s a m p l e s  were  s t o r e d  a t  - 2 0  °C u n t i l  a s s a y e d .  A f t e r  
t h a w i n g ,  400 д й  a b s o l u t e  e t h a n o l  was used  f o r  d e p r o t e i n i z a t i o n  
o f  t h e  50 yul  p l a s m a  and 100 Д11 CSF s p e c i m e n s .  Fo r  i n t e r n a l  
s t a n d a r d  n o r l e u c i n e  was a p p l i e d  i n  1 mmo l /1  c o n c e n t r a t i o n .  For  
p r e c o l u m n  d e r i v a t i z a t i o n  o f  a m i n o  a c i d s  t h e  P IT C - m e th o d  was 
used  as d e s c r i b e d  i n  K n a p p 's  b o o k  / 1 0 / .  The a n a l y s i s  was 
p e r f o r m e d  on Beckman System G o ld  HPLC i n s t r u m e n t  w i t h  S u p e lc o  
С -18  0B 2 5 0 x 4 . 6  co lu mn  / 3 / .  S i n c e  g l u t a m a t e  and a s p a r a g i n e  
c o u l d  n o t  i n  e a c h  sample  be s e p a r a t e d  c l e a r l y ,  t h e i r  summed
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t o t a l  c o n c e n t r a t i o n s  have  been c a l c u l a t e d  and g i v e n  i n  t h e  
t a b l e s .  For  s t a t i s t i c a l  a n a l y s i s  s t a n d a r d  m a t h e m a t i c a l  m e t h o d s  
were us ed .
RESULTS
The m e d ia n  and mean c o n c e n t r a t i o n s  o f  t h e  22 amino  a c i d s  
measured p a r a l l e l  i n  p l a s m a  and CSF a r e  shown i n  T a b l e s  I  and
I I .  I t  i s  t o  be n o t e d  t h a t  a w id e  v a r i a b l i t y  b o t h  i n  p la sm a  and 
CSF c o n c e n t r a t i o n  o f  t h e  i n d i v i d u a l  amino  a c i d s  c o u l d  be 
o b s e r v e d .  When s t u d y i n g  t h e  r a t i o  b e tw e e n  CSF and p l a s m a  
l e v e l s ,  t h e  med ian  and mean v a l u e s  were  f o u n d  t o  v a r y  b e t w e e n
0 . 0 0 7 - 0 . 5 3  and 0 . 1 0 - 0 . 6 7 ,  r e s p e c t i v e l y  ( T a b l e  I I I ) ,  a p a r t  f r o m  
g l u t a m i n e .  E v a l u a t i n g  t h e  e x t r e m e s ,  i t  i s  seen  t h a t  i n  a few  
b a b i e s  t h e  c o n c e n t r a t i o n  o f  some am in o  a c i d s ,  l i k e  h i s t i d i n e ,  
t h r e o n i n e ,  a r g i n i n e ,  t y r o s i n e ,  m e t h i o n i n e ,  p h e n y l a l a n i n e  and 
l e u c i n e  was n ea r  e q u a l  o r  even a b i t  h i g h e r  i n  t h e  CSF t h a n  
t h a t  i n  t h e i r  p l asm a .  An i n t r i g u i n g  f i n d i n g  i s  t h e  much h i g h e r  
med ian  and mean c o n c e n t r a t i o n  o f  g l u t a m i n e  i n  CSF t h a n  i n  t h e  
p l a s m a .  The e x p l a n a t i o n  f o r  t h i s  f i n d i n g s  i s  n o t  c l e a r ,  
h o w e v e r ,  i t  i s  known t h a t  t e c h n i c a l  e r r o r s  may e a s i l y  a l t e r  
measured g l u t a m i n e  c o n c e n t r a t i o n ,  m a i n l y  due t o  t r a n s a m i n a t i o n  
d u r i n g  t h e  p r o c e d u r e .  B u t  a f t e r  a l l ,  t h i s  t y p e  o f  e r r o r  w o u l d  
have r e s u l t e d  i n  f a l s e  lo w  c o n c e n t r a t i o n s ,  b u t  n o t  i n  t h e  
o p p o s i t e .
I n  o r d e r  t o  see t h e  e f f e c t  o f  m a t u r i t y  and p la sm a  am in o  
a c i d  c o n t e n t  on CSF amino  a c i d  l e v e l s ,  l i n e a r  c o r r e l a t i o n  
a n a l y s i s  was p e r f o r m e d  be tw een  p o s t c o n c e p t i o n a l  age and 
CSF/p l asma  c o n c e n t r a t i o n  r a t i o  and a l s o  be tw een  p l asma and CSF 
amino a c i d  c o n c e n t r a t i o n .  R eve rs e  c o r r e l a t i o n  was f o u n d  b e tw e e n  
m a t u r i t y  and  CSF/p lasma amino  a c i d  r a t i o  f o r  each ami no  a c i d  
m e a s u r e d ,  w h i c h  was s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  c i t r u l l i n e  
( r  = - 0 . 5 9 0 ,  p < 0 . 0 5 ) ,  m e t h i o n i n e  ( г  = - 0 . 5 4 5 ,  p < 0 . 0 0 5 ) ,  v a l i n e  
( r =  - 0 . 6 7 9 ,  p < 0 . 0 0 1 ) ,  p h e n y l a l a n i n e  ( r =  - 0 . 6 3 8 ,  p < 0 . 0 5 ) ,  
i s o l e u c i n e  ( r = * 0 . 7 5 2 ,  p < 0 . 0 1 ) ,  l y s i n e  ( r =  - 0 . 6 3 9 ,  p < 0 . 0 1 )
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TABLE I
P las m a amino a c i d  l e v e l s  i n  14 p a t h o l o g i c a l  newborn i n f a n t s  o f  
30 -4 3  weeks  p o s t m e n s t r u a l  age ( y u m o l / l )
M e d ia n  Mean SD Range
ASP 63 . 5 68 .9 22 .6 ( 45 .9--109 . 4 )
GLU+ASN 408 . 1 405 ,.2 144 . 1 (257 . 0 --674 . 9 )
GLN 218 .2 245 .0 146 . 9 ( 34 . 8 --561 . 4 )
GLY 232..0 212 . 1 83 .7 (107 . 2 --383 . 2 )
HIS 134..2 126 ,.5 55 ,.5 ( 52 . 0 --236. . 0 )
THR B 1 . 4 79 ,.5 32 . 1 ( 39 . 0 --144 ,. 0 )
ARG 72..9 73 ,.2 37 ,. 3 ( 31.. 4--173 . 8 )
CIT 31 . 4 36 ,. 1 22 ,.0 ( 13.. 0 -- 93 . 2 )
ALA 264 .2 275 ,.8 61 ,. 4 (144 . 0 --391 ,. 4 )
HYP 36 ,. 4 38 .2 25 . 6 ( 13 . 8 --118 ,. 2 )
TYR 77 .8 100 .2 69 . 7 ( 42 . 8 --307 ,• 6 )
SER 128 .8 135 ,. 9 53 . 5 ( 50.. 8 --226 . 4 )
MET 23 ,.0 30 ,.0 11 . 5 ( 10 . 6 -- 48.. 6 )
VAL 139 .6 131,.3 39 ., 7 ( 69.. 8 --193 . 2 )
PRO 156 . 2 183 ,.0 80 . 3 ( 56.. 6 --339 . 8 )
TRP 80..8 85 ,.8 34 . 9 ( 32 . 1 --154 . 8 )
ORN 1 1 0 . 3 131 .4 40 ., 0 ( 82 . 5--214 . 6 )
PHE 83 . 2 87 ,.6 24 . 9 ( 51.. 8 --131. . 2 )
ILEU 42 . 7 43 ,.0 14 . 4 ( 22 ,. 7-- 70.. 2 )
LYS 116 .,0 133..2 53 .. 1 ( 83.. 8 --278 . 0 )
LEU 92 . 9 96 ..9 28 .,5 ( 50,.4--142. .4 )
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TABLE I I
C e r e b r o s p i n a l  f l u i d  ami no  a c i d  l e v e l s  i n  14 p a t h o l o g i c a l  
newborn  i n f a n t s  o f  3 0 - 4 3  weeks p o s t m e n s t r u a l  age (д1то1 /1 )
Med ian  Mean SO Range
ASP 17 .,4 19..9 8 . 4 ( 1 0 ., 0 - 30.,5 )
GLU+ASN 74 ., 1 91..0 51. 2 ( 18., 6 - 225 .. 1 )
GLN 419 .,7 388,,9 140 . 9 (1 5 4 . . 5 - 609 ..7 )
GLY 23..3 37 ,.2 38 .,0 ( 1 .. 5 - 126 ,,9 )
HIS 70..2 71,.1 39 ., 3 ( 34.. 3 - 165 .. 1 )
THR 38 . 6 55,,1 40. , 5 ( 13.. 1 - 158..3 )
ARG 30,.7 41 .3 33 . 8 ( 8 . 0 - 128 . 7 )
CIT 6 .1 7 .5 4 . 6 ( 2 ,. 4 - 16 ,.7 )
ALA 41 .9 59 .9 35 . 7 ( 19,. 3 - 139,.3 )
HYP 8 ,.2 7 .2 5., 5 ( 0 ,. 4 - 15 ,. 2 )
TYR 41 ,.6 41 .4 24 ,.2 ( 1 0 ,. 2 - 8 8 ,.9 )
SER 36,,2 68 .9 42 ,.9 ( 23 . 4 - 160,. 2 )
MET 14,.7 14 .5 8 .5 ( 0 . 8 - 32,.4 )
VAL 31,.9 36 .9 25,.1 ( 7 . 2 - 104 . 5 )
PRO 13,.9 17 .5 10 . 5 ( 1 . 1 - 39 . 3 )
TRP 5,. 1 12 .2 11 .4 ( 1 . 0 - 35 . 3 )
ORN 1 2 ,.2 14 .9 11 .3 ( 3 . 7 - 36 . 7 )
PHE 24 .2 29 .9 20 .5 ( 8 . 6 - 91 . 7 )
ILEU 9,.9 10 .7 8 .0 ( 2 . 8 - 32 . 6 )
LYS 29,.0 37 .2 32 .7 ( 9 . 4 - 129 . 0 )
LEU 22 .8 31 .1 31 .9 ( 8 . 3 - 128 . 0 )
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TABLE I I I
C SF /p l a s m a  amino a c i d  r a t i o  i n  14 p a t h o l o g i c a l  new bor n  i n f a n t s  
o f  3 0 -4 3  weeks  p o s t m e n s t r u a l  age ( / u m o l / 1 )
Med ian  Mean SD Range
ASP 0 ., 27 0 ,. 31 0 . 15 ( 0 .. 1 1 --0  . 64 )
GLU+ASN 0 . 22 0 ,. 22 0 . 10 ( 0 ..04--0 . 40 )
GLN 1 . 91 2 .. 33 1 . 90 ( 0 .,41--7 . 04 )
GLY 0 . 14 0 ..17 0 .,18 ( 0 .. 0 0 --0  . 6 6 )
HIS 0 . 53 0 ..63 0 . 34 ( 0 .. 2 0 --1 ,.19 )
THR 0 . 51 0 ..67 0 .,35 ( 0 ., 24--1 . 15 )
ARG 0 . 38 0 ,. 54 0 . 30 ( 0 .,09- -0  . 97 )
CIT 0 . 21 0 ,. 21 0 .,09 ( 0 .,08- -0  . 4 3 )
ALA 0 . 20 0 . 21 0 . 13 ( 0 ..07--0 . 49 )
HYP 0 . 29 0 ,.20 0 ., 14 ( 0 .. 0 1 --0  . 38 )
TYR 0 . 47 0 ,.46 0 .,27 ( 0 .. 14--0  . 99 )
SER 0 . 49 0 . 53 0 . 29 ( 0 .. 17--0  .,78 )
MET 0 ,. 4 4 0 ,.48 0 . 25 ( 0 ..04- -0  . 9 9 )
VAL 0 . 22 0 .. 30 0 ,.20 ( 0 ..04- -0  . 7 5 )
PRO 0 ,. 0 8 0 . 10 0 ,. 0 8 ( 0 . О О -0  . 2 6 )
TRP 0 ,.07 0 ,. 16 0 . 15 ( 0 . 0 2 --0  . 5 0 )
ORN 0 . 10 0 . 10 0 ,.05 ( 0 .. 0 2 --0  . 2 2 )
PHE 0 ,.27 0 . 33 0 . 20 ( 0 . 12 --0  . 9 1 )
ILEU 0 ,.20 0 ..24 0 . 13 ( 0 ,. 1 0 --0  . 5 1 )
LYS 0 ,.23 0 ..25 0 . 14 ( 0 . 09- - 0 . 6 2 )
LEU 0 . 24 0 ,. 31 0 . 24 ( 0 . 06- - 0  . 90 )
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and l e u c i n e  ( r =  - 0 . 7 5 7 ,  p < 0 . 0 1 ) .  S t a t i s t i c a l l y  s i g n i f i c a n t  
p o s i t i v e  c o r r e l a t i o n  was f o u n d  be tw e e n  t h e  p l asma  and CSF 
c o n c e n t r a t i o n  o f  t h r e o n i n e  ( r =  0 . 6 3 8 ,  p < 0 . 0 1 ) ,  a r g i n i n e  
( r =  0 . 7 9 7 ,  p < 0 . 0 0 1 ) ,  c i t r u l l i n e  ( r =  0 . 6 8 6 ,  p < 0 . 0 1 ) ,  m e t h i o n i n e  
( r =  0 . 5 8 4 ,  p < 0 . 0 5 ) ,  o r n i t h i n e  ( r =  0 . 7 6 7 ,  p < 0 . 0 1 ) ,  i s o l e u c i n e  
( r =  0 . 5 4 9 ,  p < 0 . 0 5 )  and l y s i n e  ( r =  0 . 7 7 4 ,  p < 0 . 0 1 ) .
DISCUSSION
I n  s p i t e  o f  numerous  e x c e l l e n t  s t u d i e s  on CSF amino  a c i d  
l e v e l s  / 1 ,  2,  5 ,  6 , 8 , 16,  1 7 /  no s o l i d  k n o w le d g e  c o u l d  so f a r  
be a c c u m u l a t e d  i n  t h i s  f i e l d .  The r e a s o n  o f  t h i s  i s  m u l t i p l e .  
M e t h o d o l o g i c a l  d i s c r e p a n c i e s  and t e c h n i c a l  d i f f i c u l t i e s  s u r e l y  
c o n t r i b u t e  t o  t h e  w i d e l y  v a r y i n g  CSF amino a c i d  c o n c e n t r a t i o n s  
r e p o r t e d  i n  t h e  l i t e r a t u r e .  U n c e r t a i n i t i e s  i n  t h e  
i n t e r p r e t a t i o n s  can be e x p l a i n e d  by t h e  l a c k  o f  n o r m a l  c o n t r o l  
v a l u e s  on t h e  one h a n d ,  and by t h e  f a c t  t h a t  we s t i l l  know v e r y  
l i t t l e  a b o u t  t h e  p h y s i o l o g y  o f  t h e  r e g u l a t i o n  o f  CSF 
c o m p o s i t i o n ,  on t h e  o t h e r  ha nd .
I n  t h e  p r e s e n t  s t u d y  t h e  m ed ia n  and mean p la sm a  and CSF 
amino a c i d  l e v e l s  o f  n e o n a t e s  were  f o u n d  t o  be i n  t h e  same 
r a n g e  as r e p o r t e d  by p r e v i o u s  a u t h o r s  / 1 ,  5,  9,  11 ,  15 ,  1 6 / .  
C o m p a r i n g  n e o n a t a l  CSF amino  a c i d  c o n c e n t r a t i o n s  w i t h  p u b l i s h e d  
r e l e v a n t  d a t a  i n  c h i l d r e n  and a d u l t s  / 1 ,  2 ,  5,  6 , 8 , 1 6 / ,  a 
t e n d e n c y  o f  h i g h e r  l e v e l s  c o u l d  be o b s e r v e d ,  h o w e v e r ,  i n t e r -  
i n d i v i d u a l  v a r i a t i o n s  r e g a r d i n g  each  amino a c i d  m ea su r e d  i n  
t h i s  s t u d y  were r e m a r k a b l e .  I t  i s  g e n e r a l l y  a g r e e d  t h a t  t h e  
c o n c e n t r a t i o n  o f  t h e  d i f f e r e n t  amino  a c i d s  i n  t h e  CSF o f  
c h i l d r e n  and a d u l t s  r a n g e s  be tw een  5-50% o f  t h e  p la s m a  l e v e l ,  
f u r t h e r m o r e  t h a t  g l u t a m i n e  i s  t h e  ma in  amino a c i d  i n  t h e  
c e r e b r o s p i n a l  f l u i d .  We o b s e r v e d  s i m i l a r  CSF /p l asma amino  a c i d  
r a t i o s  i n  t h e  new bor n  b a b i e s ,  as f a r  as t h e  mean o r  m ed ia n  
v a l u e s  a r e  c o n c e r n e d .  Bu t  c o n s i d e r i n g  t h e  e x t r e m e  v a l u e s  i t  was 
f o u n d  t h a t  i n  a few b a b i e s  CSF c o n c e n t r a t i o n  may be n e a r l y
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e q u a l  o r  even  e x c e e d  p lasma c o n c e n t r a t i o n  o f  a r g i n i n e ,  
t y r o s i n e ,  m e t h i o n i n e ,  p h e n y l a l a n i n e ,  l e u c i n e  and g l u t a m i n e ,  
h i s t i d i n e ,  t h r e o n i n e ,  r e s p e c t i v e l y  ( T a b l e  I I I ) .
I n  p r i n c i p l e ,  a m i n o  a c i d  c o n t e n t  o f  CSF may be i n f l u e n c e d  
by t h e  p lasma c o n c e n t r a t i o n ,  t h e  n e t  b a l a n c e  o f  b a r r i e r  
f u n c t i o n s  and t h e  a m i n o  a c i d  u p t a k e  and m e t a b o l i s m  o f  t h e  
b r a i n .  Our f i n d i n g  o f  t h e  c l o s e  r e l a t i o n s h i p  be tw e e n  p la s m a  and 
CSF c o n c e n t r a t i o n  o f  t h r e o n i n e ,  a r g i n i n e ,  c i t r u l l i n e ,  
m e t h i o n i n e ,  o r n i t h i n e ,  i s o l e u c i n e  and l y s i n e  s u g g e s t s  a p lasma 
l e v e l  dep e n d e n t  t r a n s p o r t  o f  t h e s e  amino  a c i d s  i n t o  t h e  
c e r e b r o s p i n a l  f l u i d .  The b lo od- C S F  b a r r i e r  f o r  t h e s e  amino  
a c i d s  p r o b a b l y  f a i l s  t o  f u n c t i o n ,  e i t h e r  due t o  i m m a t u r i t y  o r  
due  t o  some damage.  The r e a s o n  o f  t h e  r e m a r k a b l y  h i g h e r  
g l u t a m i n e  and some wh at  h i g h e r  h i s t i d i n e  and t h r e o n i n e  
c o n c e n t r a t i o n  i n  t h e  CSF o f  some o f  t h e  n e o n a t e s ,  compared  w i t h  
t h a t  i n  t h e i r  p l a s m a ,  r e m a i n s  o b s c u r e .  B o th  a c t i v e  t r a n s p o r t  o r  
d e f e c t i v e  c l e a r e n c e  f r o m  t h e  CSF may have a r o l e  i n  t h i s  
p h e n o m e n o n .
The m a t u r i t y  o f  t h e  newborn i n f a n t s  as e x p r e s s e d  by t h e i r  
p o s t c o n c e p t i o n a l  age r e l a t e d  i n v e r s e l y  t o  t h e  C SF /p l asma  
c o n c e n t r a t i o n  r a t i o  o f  each i n d i v i d u a l  amino a c i d  m easur ed  i n  
t h i s  s t u d y .  T h i s  w o u l d  mean t h a t  t h e  more i m m a t u r e  t h e  baby  i s  
t h e  h i g h e r  i s  t h e  c o n c e n t r a t i o n  o f  t h e  v a r i o u s  amino  a c i d s  i n  
t h e  CSF, r e l a t i v e l y  t o  t h e  p la s m a  l e v e l .  A l t h o u g h  t h i s  
r e l a t i o n s h i p  was s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  o n l y  s eve n  amino  
a c i d s  l i k e  c i t r u l l i n e ,  m e t h i o n i n e ,  v a l i n e ,  p h e n y l a l a n i n e ,  
i s o l e u c i n e ,  l y s i n e  and  l e u c i n e ,  t h e  t r e n d  may w e l l  i n d i c a t e  a 
r o l e  f o r  t h e  f u n c t i o n a l  m a t u r i t y  i n  t h e  r e g u l a t i o n  o f  amino  
a c i d  t r a n s p o r t  o f  t h e  c e n t r a l  n e r v o u s  s y s t e m .
I n  summary i t  i s  c o n c l u d e d  t h a t  t h e  r e g u l a t i o n  o f  CSF amino  
a c i d  c o n c e n t r a t i o n  i n  t h e  newborn i n f a n t  i s  p r o b a b l y  m a t u r i t y  
r e l a t e d ,  b u t  i n  c a s e  o f  some o f  t h e  amino a c i d s  
p l a s m a c o n c e n t r a t i o n  i s  t h e  main d e t e r m i n a n t .  The e f f e c t  o f  
p e r i n a t a l  p a t h o l o g y  on r e g u l a t o r y  d i s t u r b a n c e s  r e m a i n s  t o  be 
e l u c i d a t e d .  The q u e s t i o n s ,  wha t  i s  a b n o r m a l ,  w ha t  i s  t h e  cause  
and  t h e  e f f e c t  a r e  s t i l l  u nanswe re d .
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OSTEOCALCIN AND CALCIUM-PHOSPHATE METABOLISM PARAMETERS IN
NEWBORN INFANTS
M. FEKETE1 , T.  DECSI1 , Á . TÓTH2 , К.  ADAMOVICH1 , M. SZÁSZ1
^ D e p a r t m e n t  o f  P a e d i a t r i c s ,  U n i v e r s i t y  M e d i c a l  S c h o o l  o f  P é c s ,  
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Serum o s t e o c a l c i n ,  c a l c i u m ,  p h o s p h a t e ,  t o t a l  
a l k a l i n e  p h o s p h a t a s e  and u r i n a r y  c a l c i u m  and p h o s p h a t e  
e x c r e t i o n  were m ea su r e d  i n  21 f u l l  t e r m  ( 3 27+ 650  g )  and 
29 p r e t e r m  ( 1 7 9 0 ^ 1 4 0  g )  i n f a n t s ,  on t h e  p o s t n a t a l  day 
o f  6 . 6 + 0 . 7 .  P r e t e r m  b a b i e s  had s l i g h t l y  b u t  n o t  
s i g n i f i c a n t l y  h i g h e r  o s t e o c a l c i n  l e v e l  ( 3 . 9 ^ 2 . 1  vs 
3 .1  + 2 . 4  n m o l / 1 )  t h a n  f u l l  t e r m  b a b i e s .  No c l o s e  
r e l a t i o n  was f o u n d  be tw een  serum o s t e o c a l c i n  
c o n c e n t r a t i o n  and c a l c i u m - p h o s p h a t e  m e t a b o l i s m  
p a r a m e t e r s  s t u d i e d  o r  p h y s i c a l  body  g r o w t h  p a r a m e t e r s  
m e a s u r e d .
INTRODUCTION
O s t e o c a l c i n  i s  known as a v i t a m i n  К d e p e n d e n t  c a l c i u m  
b i n d i n g  p r o t e i n ,  s y n t h e t i z e d  by t h e  o s t e o b l a s t s  / 6 / .  I t  has 
been s u g g e s t e d  t h a t  se rum  o s t e o c a l c i n  may w e l l  r e f l e c t  t h e  
f o r m a t i o n  o f  m i n e r a l i z e d  bone t i s s u e  / 1 ,  4 ,  1 5 /  s i n c e  i t s
c o n c e n t r a t i o n  was f o u n d  t o  r i s e  i n  p e r i o d s  o f  i n c r e a s e d  g r o w t h  
r a t e  and bone t u r n o v e r  / 1 ,  2 ,  4 ,  5 ,  8 , 12 ,  1 4 ,  1 5 / .  H o w e v e r ,  
t h e  f u n c t i o n a l  r e l a t i o n s h i p  be tween  o s t e o c a l c i n  and c a l c i u m -  
p h o s p h a t e  m e t a b o l i s m  and i t s  h o r m o n a l  r e g u l a t i o n  seems t o  be 
l i k e l y ,  t h e  mechan isms i n v o l v e d  have y e t  t o  be c l a r i f i e d .  I t  i s  
now known t h a t  1 , 2 5 ( 0 Н ) 2 ~ 0 з  v i t a m i n  s t i m u l a t e s  o s t e o c a l c i n  
s y n t h e s i s ,  b o t h  i n  t h e  human n e o n a t e  and v a r i o u s  e x p e r i m e n t a l  
a n i m a l s  / 3 ,  10,  1 2 / .
I n  s p i t e  o f  t h e  g r o w i n g  number o f  r e p o r t s  on o s t e o c a l c i n  i n  
t h e  human a d u l t  w i t h  d i f f e r e n t  bone and r e l a t e d  d i s e a s e s  / 9 ,
Akadémiai Kiadó, Budapest
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1 1 , 1 3 / ,  much l e s s  i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  p h y s i o l o g i c  
s i g n i f i c a n c e  and r o l e  o f  o s t e o c a l c i n  i n  t h e  new bor n  i n f a n t .  The 
o b j e c t  o f  t h e  p r e s e n t  s t u d y  was t o  l o o k  f o r  r e l a t i o n s  be tween  
c a l c i u m - p h o s p h a t e  m e t a b o l i s m  p a r a m e t e r s  and o s t e o c a l c i n  l e v e l  
i n  t h e  newborn i n f a n t ,  on t h e  one h a n d ,  and exa m in e  i f  p h y s i c a l  
g r o w t h  p a r a m e t e r s  and m a t u r i t y  does  i n f l u e n c e  n e o n a t a l  
o s t e o c a l c i n  c o n c e n t r a t i o n  o r  n o t .
PATIENTS AND METHODS
Serum o s t e o c a l c i n ,  c a l c i u m ,  p h o s p h a t e  and t o t a l  a l k a l i n e  
p h o s p h a t a s e  a c t i v i t y  w e r e  measured  on p o s t n a t a l  day 6 . 6+ 0 . 7  ( 5 -  
8 ) i n  50 newb orn  i n f a n t s  (mean+_SD). P a r a l l e l  w i t h  t h e  b l o o d  
s a m p l i n g  a u r i n e  s a m p l e  was c o l l e c t e d  f o r  d e t e r m i n i n g  u r i n a r y  
C a / c r e a t i n i n e  and P O ^ / c r e a t i n i n e  r a t i o .  A l l  b a b i e s  i n  t h i s  
s t u d y  s u f f e r e d  f r o m  p a t h o l o g y  w h i c h  was r e l a t e d  t o  p e r i n a t a l  
h y p o x i a - a s p h y x i a  i n  14 cases  and some o t h e r  k i n d  o f  a d a p t a t i o n  
d i s o r d e r  o r i n f e c t i o n  i n  t h e  r e s t  o f  th em .  Tw e n t y  n i n e  o f  t h e  
n e w b o r n s  were p r e t e r m s  w i t h  g e s t a t i o n a l  age and b i r t h w e i g h t  o f  
3 2 . 8 ^ 2 . 6  ( 2 8 - 3 6 )  week s  and 179 0 ^4 1 0  ( 1 0 4 0 - 2 7 2 0 )  g ram s,  
r e s p e c t i v e l y ,  w h i l s t  21 n e o n a t e s  were  f u l l  t e r m s  o f  3 8 . 4 ^ 1 . 6  
w e e k s  g e s t a t i o n a l  age and 3270+_650 g rams b i r t h w e i g h t .  Up t o  t h e  
t i m e  o f  t h e  i n v e s t i g a t i o n  no v i t a m i n  D3 o r  c a l c i u m  
s u p p l e m e n t a t i o n  was g i v e n  t o  t h e  b a b i e s .  T h e i r  f l u i d  and 
c a l o r i e  r e q u i r e m e n t  was c o v e r e d  by d r i p  o f  5% g l u c o s e -  
e l e c t r o l y t e  s o l u t i o n  i n f u s i o n  a n d / o r  o r a l  f e e d i n g  o f  banked 
human m i l k ,  a c c o r d i n g  t o  needs .
The c o n c e n t r a t i o n  o f  c a l c i u m ,  p h o s p h a t e ,  t o t a l  a l k a l i n e  
p h o s p h a t a s e  i n  s e r u m  and u r i n a r y  c a l c i u m  and p h o s p h a t e  
e x c r e t i o n  was m e a s u r e d  by u s i n g  r o u t i n e  l a b o r a t o r y  m e t h o d s .  
U r i n a r y  c a l c i u m / c r e a t i n i n e  and p h o s p h a t e / c r e a t i n i n e  r a t i o  i n  a 
s i n g l e  sample was a c c e p t e d  r e p r e s e n t i n g  t o t a l  d a i l y  e x c r e t i o n  
/ 7 / .  Serum o s t e o c a l c i n  c o n c e n t r a t i o n  was d e t e r m i n e d  u s i n g  
d o u b l e - a n t i b o d y  R I A ,  a p p l y i n g  100 /u l  s p e c i m e n s  i n  d u p l i c a t e s .  
S a m p l e  c o l l e c t i o n ,  s t o r i n g  and a s s a y  t e c h n i q u e  f o l l o w e d  t h e  
p r e s c r i p t i o n  o f  t h e  m a n u f a c t u r e r  (MTA I s o t o p e  Re sea rc h  
I n s t i t u t e ) .
G e s t a t i o n a l  age o f  t h e  s t u d y  b a b i e s  was c a l c u l a t e d  a c c o r d i n g  
t o  t h e  m e n s t r u a l  d a t e  o f  t h e i r  m o t h e r s .  Body w e i g h t ,  l e n g t h  and 
h e a d  c i r c u m f e r e n c e  m e a su r em en t  were  t a k e n  w i t h  _+1 0 . 0  g and +0 .1  
cm a c c u r a c y ,  r e s p e c t i v e l y .  For  s t a t i s t i c a l  a n a l y s i s  s t a n d a r d  
m a t h e m a t i c a l  m e th ods  w e r e  used .
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RESULTS
The ma in r e s u l t s  o f  t h e  s t u d y  a r e  shown i n  T a b l e  I  and  F i g .
1 .  I t  i s  seen t h a t  o s t e o c a l c i n  c o n c e n t r a t i o n  and  t o t a l  
a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  was h i g h e r  i n  p r e t e r m  t h a n  t h a t
F i g .  1. Serum o s t e o c a l c i n  c o n c e n t r a t i o n  (mean+SE) i n  6 . 6 +_0.7 
days  o l d  new bor n  i n f a n t s ,  compared  t o  a d u l t  v a l u e s  
(A O ) .  Newborn  i n f a n t s  were  g ro u p e d  and c o m p a r e d  
a c c o r d i n g  t o  v a r i o u s  c r i t e r i a ,  such  as g e s t a t i o n a l  age 
(FT f u l l  t e r m s  and PR p r e t e r m s ) ,  i n t r a u t e r i n e  g r o w t h  
r a t e  (NFD n o r m a l  f o r  d a t e s  and SFD s m a l l  f o r  d a t e s ) ,  
and t h e  e x p e r i e n c e  o f  p e r i n a t a l  a s p h y x i a  t h e y  s u f f e r e d  
f r o m  or  n o t  (NASPH no a s p h y x i a ,  ASPH a s p h y x i a ) .  Number 
o f  p a t i e n t s  i n  t h e  g r o u p s  i s  shown i n  b r a c k e t ,  a t  t h e  
b o t t o m  o f  c o l u m n s
i n  f u l l  te r m  i n f a n t s ,  h o w e v e r ,  t h e  d i f f e r e n c e s  were  
s t a t i s t i c a l l y  n o t  s i g n i f i c a n t .  Serum c a l c i u m  and a n o r g a n i c  
p h o s p h a t e  l e v e l  was c l o s e l y  s i m i l a r  i n  t h e  two  g r o u p s  o f  
n e o n a t e s ,  j u s t  l i k e  u r i n a r y  c a l c i u m  e x c r e t i o n .  I n  p r e t e r m  
b a b i e s  a s l i g h t l y  l a r g e r  p h o s p h a t e  e x c r e t i o n  was o b s e r v e d  t h a n  
i n  b a b i e s  b o r n  a t  t e r m  ( 5 . 0  + 5 . 7  vs 4 . 0  + 3 . 2  m m o l /mm o l ) .
TABLE I
Serum os teocalc in  and calcium-phospate metabolism parameters measured in  6.6_+0.7 (5 -8)  days o ld  f u l l  term and 
preterm newborn i n f a n t s .  No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe r ence  was found between the two groups regarding any
parameters tested
F u l l  term babies (21) Preterm babies (29)
mean+SD range mean+SD range
Serum
Osteocalc in (nmol/1)
Calcium (mmol/1)
Phosphate (mmol/1)
A lka l in e  phosphatase ( IU/1 )
3.1 + 2.4 0.9 - 12.2
2.3 + 0.2 1.8 - 2.8
2.0 + 0.5 1.0 - 2.7
252 + 92 47 500
3.9 + 2.1 1.4 -  10.6
2.3 + 0.2 1.2 -  2.6
2.2 + 0.6 0.9 -  3.0
315 + 122 77 -  638
Őri ne
Ca/creat  (mmol/mmol) 0.37+ 0.04 0.04 -  2.11 0.35+ 0.60 0.04 -  3.20
P0^/creat  (mmol/mmol) 4.0 + 3.2 0.03 -  14.41 5.0 + 5.7 0.23 -  27.63
Fekete e
t 
a
l.
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S i n c e  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  was f o u n d  
be tw e e n  t h e  o s t e o c a l c i n  l e v e l  o f  f u l l  t e r m  and p r e t e r m  n e w b o r n  
i n f a n t s ,  f u r t h e r m o r e  because  o f  t h e  l a c k i n g  s i g n i f i c a n t  
c o r r e l a t i o n s h i p  be tw een serum o s t e o c a l c i n  and g e s t a t i o n a l  a g e ,  
t h e  tw o  g r o u p s  were c o n s i d e r e d  t o g e t h e r  and a n a l y s e d  i n  
r e l a t i o n  w i t h  some o t h e r  c l i n i c a l  p a r a m e t e r s .  F i g .  1 shows t h a t  
s m a l l  f o r  d a t e  newb orn s  had l o w e r  o s t e o c a l c i n  c o n c e n t r a t i o n  
t h a n  n o r m a l  f o r  d a t e s  ( 2 . 8^ 1 .5 vs  3 . 9 + 2 .4 m m o l / 1 ) ,  f u r t h e r m o r e  
t h a t  ne w b o r n  b a b i e s  who e x p e r i e n c e d  p e r i n a t a l  h y p o x i a - a s p h y x i a  
had s i m i l a r  o s t e o c a l c i n  c o n c e n t r a t i o n  t o  t h o s e  w i t h o u t  a s p h y x i a  
( 3 . 8 ^ 1 .8  vs 3 . 5  + 2 . 4  m m o l / 1 ) .  The w i d e  v a r i a t i o n  o f  i n d i v i d u a l  
o s t e o c a l c i n  c o n c e n t r a t i o n s  i n  any  o f  t h e  c r e a t e d  g r o u p s  o f  
s t u d i e d  b a b i e s  i s ,  h o w e v e r ,  o u t s t a n d i n g .  S m a l l - f o r - d a t e n e s s  was 
d e f i n e d  as b i r t h w e i g h t  l e s s  t h a n  t h e  s e x - m a t c h e d  10 p e r c e n t i l e  
a n d / o r  c h a r a c t e r i s t i c  f e a t u r e s  o f  i n t r a u t e r i n e  g r o w t h  
r e t a r d a t i o n .  P e r i n a t a l  h y p o x i a - a s p h y x i a  was a s s i g n e d  t o  
p a t i e n t s  who needed r e s u s c i t a t i o n  a t  b i r t h  and d e v e l o p e d  
h y p o x i a - a s p h y x i a  r e l a t e d  p a t h o l o g y  l a t e r  on ,  w i t h  o x y g e n  
d e p e n d e n c y .
F o r  c o m p a r i s o n ,  o s t e o c a l c i n  l e v e l  was measured i n  14 a d u l t s  
as w e l l  and a se rum c o n c e n t r a t i o n  o f  1 . 3 + 0 .7 n m o l / 1  was f o u n d ,  
w h i c h  i s  s i g n i f i c a n t l y  ( p< 0 . 0 5 - 0 . 0 0 1 )  l o w e r  th a n  t h e  l e v e l  i n  
any s t u d i e d  g r o u p s  o f  t h e  new bor n  i n f a n t s .
R e s u l t s  o f  t h e  c o r r e l a t i o n  a n a l y s i s  p e r f o r m e d  b e t w e e n  
o s t e o c a l c i n  l e v e l  and v a r i o u s  p h y s i c a l  g r o w t h  and c a l c i u m -  
p h o s p h a t e  m e t a b o l i s m  p a r a m e t e r s  a r e  summar ized  i n  T a b l e
I I .  I t  can be seen t h a t  m a t u r i t y  o f  t h e  b a b i e s  e x p r e s s e d  by 
t h e i r  g e s t a t i o n a l  age ,  v a r i o u s  body  me asu re s  l i k e  b i r t h w e i g h t ,  
l e n g t h  and head c i r c u m f e r e n c e  and t h e  c a l c i u m  p h o s p h a t e  
m e t a b o l i s m  p a r a m e t e r s  s t u d i e d  by us d i d  n o t  c o r r e l a t e  
s i g n i f i c a n t l y  t o  serum o s t e o c a l c i n  c o n c e n t r a t i o n .
DISCUSSION
S i n c e  o s t e o c a l c i n  i s  known as a b i o c h e m i c a l  m a r k e r  o f  bone 
t i s s u e  f o r m a t i o n ,  s t u d i e s  on n e o n a t a l  changes  i n  i t s
18 M. Fekete e t a l.
TABLE I I
P a r a m e t e r - p a i r s  t e s t e d  by c o r r e l a t i o n  a n a l y s i s  i n  t h e  c o m b i n e d  
g r o u p  o f  f u l l  t e r m  and p r e t e r m  n e o n a t e s .  The l e a s t  v a l u e  o f  r  
i n  case  o f  s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  w o u l d  have
been 0 . 2 7 5 9
p a r a m e t e r s  t e s t e d Г
G e s t a t i o n a l  age ( 0 . 0 6 3 2 )
Bi r t h w e i g h t ( 0 . 0 0 6 2 )
L e n g th  a t  b i r t h ( 0 . 0 5 4 6 )
O s t e o c a l c i n Head c i r c u m f e r e n c e ( 0 . 0 4 5 0 )
Serum c a l c i u m ( 0 . 0 8 2 5 )
Serum p h o s p h a t e ( 0 . 0 9 1 6 )
Serum ALP ( t o t a l ) ( 0 . 2 4 7 4 )
U r i n e  C a / c r e a t  r a t i o ( - 0 . 1 2 2 8 )
U r i n e  P O ^ / c r e a t  r a t i o ( - 0 . 0 4 3 7 )
c o n c e n t r a t i o n  may have  i m p o r t a n c e  f r o m  t h e  p o i n t  o f  v i e w  b o t h  
o f  p e r i n a t a l  p h y s i o l o g y  and c l i n i c a l  p r a c t i c e .
I n  a c c o r d a n c e  w i t h  p r e v i o u s  r e p o r t  / 2 ,  3,  1 0 /  we f o u n d  
s i g n i f i c a n t l y  h i g h e r  mean o s t e o c a l c i n  l e v e l  i n  newborn i n f a n t s  
t h a n  a d u l t s  ( F i g .  1 ) .  The much w i d e r  ran ge  o f  i n d i v i d u a l  
o s t e o c a l c i n  c o n c e n t r a t i o n s  i n  t h e  n e o n a t e s  th a n  t h a t  i n  t h e  
a d u l t s ,  h o w e v e r ,  needs  t o  be e m p h a s i z e d .  I n  p r e t e r m  i n f a n t s  
mean o s t e o c a l c i n  l e v e l  was s l i g h t l y  h i g h e r  th a n  t h a t  o f  f u l l  
t e r m  b a b i e s ,  b u t  t h e  l a c k  o f  s i g n i f i c a n t  c o r r e l a t i o n  b e tw e e n  
g e s t a t i o n a l  age and o s t e o c a l c i n  c o n c e n t r a t i o n  makes l i k e l y  t h a t  
m a t u r i t y  and o s t e o c a l c i n  l e v e l  a r e  n o t  c l o s e l y  r e l a t e d  t o  each  
o t h e r ,  a t  l e a s t  i n  t h e  g e s t a t i o n a l  age p e r i o d  we s t u d i e d .
O s t e o c a l c i n  c o n c e n t r a t i o n  has been  fo u n d  t o  r i s e  d u r i n g  
p e r i ' o d s  o f  g r o w t h  s p u r t  and be h i g h e r  a l l  t h r o u g h o u t  t h e  t i m e  
o f  a c t i v e  bone  g r o w t h  / 2 ,  4,  8 , 1 4 / .  I n  newborn i n f a n t s  we 
c o u l d  n o t  f i n d  s i g n i f i c a n t  a s s o c i a t i o n s  be tw een  l e n g t h  and head
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c i r c u m f e r e n c e  and o s t e o c a l c i n  l e v e l ,  b u t  s m a l l  f o r  d a t e  b a b i e s  
have  c o n s p i c u o s l y  l o w e r  c o n c e n t r a t i o n s  t h a n  n o rm a l  f o r  d a t e  
i n f a n t s  ( 2 . 8 j ^ l . 5  vs 3 . 9 ^ 2 . 4  n m o l / 1 ) .  C o l e  e t  a l .  / 2 /  o b s e r v e d  
d e c r e a s e d  o s t e o c a l c i n  l e v e l  i n  f u l l  t e r m  newb orn  i n f a n t s  w i t h  1 
m i n u t e  Apgar  s c o r e  o f  <7 ,  w h ic h  f i n d i n g  may have i n d i c a t e d  a 
s u p p r e s s e d  bone m a t r i x  s y n t h e s i s  due t o  t h e  m e t a b o l i c  e f f e c t s  
o f  a s p h y x i a .  I n  t h e  p r e s e n t  s t u d y  we f o u n d  s i m i l a r  o s t e o c a l c i n  
l e v e l s  i n  n e o n a t e s  w i t h  o r  w i t h o u t  t h e  e x p e r i e n c e  o f  p e r i n a t a l  
a s p h y x i a  ( 3 . 8 ^ 1 .8 vs 3 . 5 ^ 2 . 4  n m o l / 1 ) .  T h i s  r e s u l t  i s  i n  
a g r e e m e n t  w i t h  t h a t  o f  P i t t a r d  e t  a l  / 1 0 /  who r e p o r t e d  on 
c l o s e l y  s i m i l a r  o s t e o c a l c i n  l e v e l s  i n  n e o n a t e s  w i t h  1 and  5 
m i n u t e s  Apgar  s c o r e  o f  <7 and 8 - 1 0 ,  r e s p e c t i v e l y .
The e x a c t  r o l e  o f  o s t e o c a l c i n  i n  n e o n a t a l  c a l c i u m - p h o s p h a t e  
m e t a b o l i s m  and i t s  r e g u l a t i o n  i s  s t i l l  o b s c u r e ,  h o w e v e r ,  t h e  
e x i s t e n c e  o f  a f u n c t i o n a l  a s s o c i a t i o n  c o u l d  h a r d l y  be d e b a t e d .  
I n  t h i s  r e s p e c t  r e m a r k a b l e  a r e  t h e  r e c e n t  o b s e r v a t i o n s  o f  
P i t t a r d  e t  a l  / 1 0 /  who f o u n d  a p a r a l l e l  r i s e  i n  o s t e o c a l c i n  and 
1 , 2 5 - d i h y d r o x y c h o l e c a l c i f e r o l  l e v e l  d u r i n g  t h e  f i r s t  p o s t n a t a l  
we ek ,  and a n e g a t i v e  t h o u g h  s t a t i s t i c a l l y  n o t  s i g n i f i c a n t  
c o r r e l a t i o n  be tw een  o s t e o c a l c i n  l e v e l  and t o t a l  and  bone  
s p e c i f i c  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y .
We o b s e r v e d  a p o s i t i v e  c o r r e l a t i o n s h i p  be tw een  seru m 
c a l c i u m ,  p h o s p h a t e  and t o t a l  a l k a l i n e  p h o s p h a t a s e  and 
o s t e o c a l c i n  c o n c e n t r a t i o n ,  t h o u g h  none o f  t h e s e  c o r r e l a t i o n  
were  s i g n i f i c a n t  s t a t i s t i c a l l y .  An i n v e r s e ,  b u t  a g a i n  n o t  
s i g n i f i c a n t  r e l a t i o n s h i p ,  was f o u n d  b e tw e e n  o s t e o c a l c i n  l e v e l  
and u r i n a r y  c a l c i u m  and p h o s p h a t e  e x c r e t i o n .
I n  summary i t  i s  c o n c l u d e d  t h a t  ne w b o r n  i n f a n t s  i n  g e n e r a l  
have  much h i g h e r  o s t e o c a l c i n  l e v e l  t h a n  a d u l t s  b u t  no d i r e c t  
r e l a t i o n s h i p  e x i s t s  i n  t h e  e a r l y  p o s t n a t a l  p e r i o d  b e t w e e n  
o s t e o c a l c i n  c o n c e n t r a t i o n  and m a t u r i t y ,  p h y s i c a l  g r o w t h  o r  t h e  
com m on ly  measured  c a l c i u m - p h o s p h a t e  m e t a b o l i s m  p a r a m e t e r s .  
S i n c e  serum o s t e o c a l c i n  most  l i k e l y  r e f l e c t s  o s t e o b l a s t  
a c t i v i t y ,  f u r t h e r  s t u d i e s  i n  t h i s  f i e l d  may p ro m o te  a b e t t e r  
u n d e r s t a n d i n g  o f  n e o n a t a l  bone m e t a b o l i s m  and i t s  r e g u l a t i o n .
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SIGNIFICANCE OF CHROMOSOMAL INVESTIGATION IN INFANTS WITH ACUTE
LEUKEMIA
E r z s é b e t  BALOGH, Éva OLÁH, I l o n a  KOVÁCS
D e p a r t m e n t  o f  P a e d i a t r i c s , U n i v e r s i t y  M e d i c a l  Schoo l ,  D e b r e c e n ,
H ungar y
R e c e i v e d  12 March  1993
F i n d i n g s  o f  c y t o g e n e t i c  e x a m i n a t i o n  on t w e l v e  i n f a n t s  
w i t h  a c u t e  l e u k e m i a  ( A L )  a r e  r e p o r t e d .  A c u te  l y m p h o i d  
l e u k e m i a  (A L L )  was d i a g n o s e d  i n  f i v e  cases  and a c u t e  n o n -  
l y m p h o i d  l e u k e m i a  (ANLL)  i n  seven  c a s e s .  S p e c i f i c  
ch ro m o so m a l  a b e r r a t i o n  was f o u n d  i n  l e u k e m i c  c e l l s  o f  
f o u r  o f  f i v e  i n f a n t s  w i t h  ALL:  t (9  ; 2 2 ) , t (2  ; 8 ) ,  d e l ( 4 q )  
and t (4  ; 1 1 ) .  T he re  was n o n - r a n d o m  chro mo somal  a b e r r a t i o n  
i n  t h e  f o u r  c a s e s  w i t h  ANLL: t ( 9 ; 2 2 ) ,  t (4 ; 1 1 ) ,  d e l ( l O p )  
and h y p o d i p l o i d y . I n  two  o f  t h e  e i g h t  cases  w i t h  a b n o r m a l  
k a r y o t y p e  f i n d i n g s  o f  c y t o g e n e t i c  e x a m i n a t i o n  and
m o r p h o l o g i c a l  and i m m u n o l o g i c a l  t y p e  o f  l e u k e m i a  were  
d i f f e r e n t  f r o m  t h e  u s u a l  c y t o g e n e t i c - m o r p h o l o g i c a l -
i m m u n o l o g i c a l  a s s o c i a t i o n .  S i g n i f i c a n t  i m p r o v e m e n t  i n  
ou tc om e  can o n l y  be e x p e c t e d  f r o m  a more a c c u r a t e  
c l a s s i f i c a t i o n  o f  t h e  d i s e a s e .  A u t h o r s  s u g g e s t  
c y t o g e n e t i c  e x a m i n a t i o n  o f  a l l  i n f a n t s  w i t h  AL a t  
d i a g n o s i s .
D e t e c t i o n  o f  s p e c i f i c  c h ro m o s o m a l  a b e r r a t i o n s  p r o v i d e s  
p o s s i b i l i t y  t o  choose  i n d i v i d u a l i z e d  t r e a t m e n t .
INTRODUCTION
D u r i n g  t h e  l a s t  decade  t r e a t m e n t  o f  c h i l d r e n  w i t h  a c u t e  
l e u k e m i a  ( A L )  has c o n s i d e r a b l y  i m p r o v e d .  More th a n  70% o f  n e w l y  
d i a g n o s e d  c h i l d r e n  w i t h  a c u t e  l y m p h o i d  l e u k e m i a  ( A L L )  can 
a n t i c i p a t e  p r o l o n g e d  (>5 y e a r s )  d i s e a s e - f r e e  s u r v i v a l  and m o s t  o f  
t h e s e  p a t i e n t s  a r e  l i k e l y  t o  be c u r e d  w i t h  modern t h e r a p y  / 2 , 8 / .  
T h e re  i s  a l s o  p r o g r e s s  i n  t r e a t m e n t  o f  a c u t e  n o n - l y m p h o i d  
l e u k e m i a  ( A N L L ) ,  80% o f  c h i l d r e n  w i t h  ANLL can be i n t r o d u c e d  i n t o  
a c o m p l e t e  r e m i s s i o n  and 40% o f  them a p p e a r s  t o  be e v e n t - f r e e  
s u r v i v o r s  / 4 / .  I n  c o n t r a s t ,  ou tc o m e  o f  t r e a t m e n t  i n  i n f a n t s  o f
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ea ch  fo rm  o f  l e u k e m i a  I s  e x t r e m e l y  p o o r .  H a l f  o f  t h e  p a t i e n t s  
d i e s  i n  18 m o n t h s ,  75% i n  4 y e a r s .  F i v e - y e a r s  s u r v i v a l  i s  18% / 3 ,  
1 0 / .  There  a r e  s e v e r a l  re a s o n s  o f  p o o r  p r o g n o s i s :  t h e  c l i n i c a l  
and b i o l o g i c a l  f e a t u r e s  o f  AL i n  i n f a n t s  d i f f e r  m a r k e d l y  f r o m  
o l d , e r  c h i l d r e n :
t h e  m y e l o g e n o u s  t y p e  o f  l e u k e m i a  i s  p r e d o m i n a n t  i n  i n f a n t s ,  
p a r t i c u l a r l y  i n  c o n g e n i t a l  l e u k e m i a
i n  i n f a n t s  w i t h  ANLL l e u k e m i c  c e l l s  a re  m o n o b l a s t s  o r  
m y e l o m o n o b l a s t s , e x t r a m e d u l l a r y  i n v o l v e m e n t  i s  f r e q u e n t
ALL among i n f a n t s  i s  c h a r a c t e r i z e d  by h y p e r - l e u k o c y t o s i s ,  
p r e s e n c e  o f  h e p a t o - s p l e n o m e g a l y , c e n t r a l  n e r v o u s  s y s t e m  (CNS) 
i n v o l v e m e n t  a t  t h e  t i m e  o f  d i a g n o s i s  and e a r l y  В- c e l l  m a r k e r s ,  
l a c k  o f  t h e  common ALL a n t i g e n  / 6 , 7 ,  2 0 /
i n  i n f a n t s  i t  i s  d i f f i c u l t  t o  h o l d  s c h e d u l e d  t h e r a p e u t i c  
s t r a t e g i e s  w i t h o u t  c h a n g i n g ,  e a r l y  d r u g  r e s i s t a n c e  and s i d e  
e f f e c t s  o f  t r e a t m e n t  a r e  f r e q u e n t  / 2 4 / .
S i g n i f i c a n t  i m p r o v e m e n t  i n  ou tco me  can  o n l y  be e x p e c t e d  o f  t h e  
p r o g r e s s  o f  o u r  u n d e r s t a n d i n g  a b o u t  b i o l o g y  o f  l e u k e m i c  c e l l s .  
P r o g n o s t i c  p a r a m e t e r s  -  f i r s t  o f  a l l  c y t o g e n e t i c  a n a l y s i s  - 
p r o v i d e  i m p o r t a n t  i n f o r m a t i o n  and more  a c c u r a t e  c l a s s i f i c a t i o n  o f  
d i s e a s e  .
MATERIALS AND METHODS
Between 1979 and 1992 s u c c e s s f u l  c y t o g e n e t i c  a n a l y s e s  were  
p e r f o r m e d  i n  94 c h i l d r e n  w i t h  AL. T h e r e  were 58 cases  o f  ALL and 
36 o f  ANLL, t w e l v e  o f  whom were 12 m o n t h s  o l d  o r  l e s s .  T h e re  were  
f i v e  cases  w i t h  ALL and seven w i t h  ANLL.  The d i a g n o s i s  o f  AL was 
made by h e m a t o l o g i s t s  on t h e  b a s i s  o f  t h e  m o r p h o l o g y  and 
c y t o c h e m i c a l  s t a i n i n g  c h a r a c t e r i s t i c s  o f  t h e  b l a s t  c e l l s .  Cases 
o f  ALL were s u b t y p e d  a c c o r d i n g  t o  t h e  i m m u n o p h é n o ty p e s .  
Chromosome a n a l y s i s  was p e r f o r m e d  on G- and Q-banded  
p r e p a r a t i o n s  f r o m  d i r e c t  and s h o r t  t e r m  c u l t u r e s  (24 and 48 h ) o f  
bone  marrow a n d / o r  f r o m  p e r i p h e r a l  b l o o d  sample  c u l t u r e d  f o r  24 
and 48 h w i t h o u t  p h y t o h a e m a g g l u t i n i n  / 5 ,  2 1 / .  Chromosomal  
a b n o r m a l i t i e s  were  i d e n t i f i e d  a c c o r d i n g  t o  ISCN ( 1 9 7 8 )  / 1 2 / .  
C y t o g e n e t i c  a n a l y s i s  was p e r f o r m e d  b e f o r e  t h e r a p y  and w h e n eve r  
p o s s i b l e ,  d u r i n g  r e m i s s i o n  o r  a t  r e l a p s e .
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RESULTS
C l i n i c a l  d a t a ,  k a r y o t y p e s  and t r e a t m e n t  re s p o n s e  o f  t h e  12 
p a t i e n t s  a r e  su mm ar i zed  i n  T a b l e  I .  T h e i r  age ran ged  f r o m  6 weeks  
t o  12 m o n t h s .  Sex r a t e :  ma le  7,  f e m a l e  5 .  L e u k o c y t e  c o u n t s  w e r e  
n o t  t o o  h i g h  (2  t o  60 x 1 0 ^ / L )  e x c e p t  one case  ( 4 .  case) w i t h  WBC 
215 x I oV l . A l l  p a t i e n t s  p r e s e n t e d  t h e  common symptoms:  s e v e r e  
a n a e m i a ,  p a l l o r ,  h e p a t o s p l e n o m e g a l y , l y m p h a d e n o p a t h y , p e t e c h i a e .  
C e n t r a l  n e r v o u s  s y s te m  /CN S/  l e u k e m i a  a t  d i a g n o s i s  was o b s e r v e d  
i n  one ca se  ( 4 .  c a s e ) .  L e u ke m ic  s k i n  i n f i l t r a t i o n  c o u l d  be 
d e t e c t e d  i n  two c h i l d r e n  w i t h  c o n g e n i t a l  l e u k e m i a  (cases 4 and 
1 0 ) .  Two p a t i e n t s  had e x t r a m e d u l l a r y  i n v o l v e m e n t  on t h e  c r a n i u m  
and m a n d i b u l a  ( c a s e s  6 and 9 r e s p e c t i v e l y ) .  Leukemic  b l a s t  c e l l s  
i n  t h r e e  o f  f i v e  i n f a n t s  w i t h  ALL w ere  F A B - t y p e  L I  and n o n - T ,  
non -B  c e l l  im m u n o p h é n o ty p e .  I n  c ase  4 i m m u n o l o g i c  a n a l y s i s  was 
n o t  d o n e .  I n  t h e  f i f t h  p a t i e n t  d i a g n o s i s  was b i p h e n o t y p i c  a c u t e  
l e u k e m i a .  C h i l d r e n  w i t h  ANLL b e l o n g e d  t o  d i f f e r e n t  F A B - t y p e s ,  a l l  
t h e  m o r p h o l o g i c a l  s u b t y p e s  b u t  М3 and M7 o c c u r r e d .  T h r e e  o f  t h e  
t w e l v e  c h i l d r e n  a c h i e v e d  c o m p l e t e  r e m i s s i o n ,  b u t  o n l y  one o f  them 
r e m a i n e d  i n  r e m i s s i o n  and a l i v e  f o r  more t h a n  t e n  y e a r s .  Outcome 
o f  t r e a t m e n t  was more f a v o r a b l e  i n  ALL t h a n  i n  ANLL.
F o u r  o f  f i v e  i n f a n t s  w i t h  ALL had a b n o r m a l  k a r y o t y p e s .  I n  t h e  
f i r s t  p a t i e n t  c y t o g e n e t i c  ana ly s is  was performed i n  seven o c c a s i o n s .  
The f i r s t  two  e x a m i n a t i o n s  showed t h e  p r e s e n c e  o f  Ph chrom osome  
b u t  i n  t h e  s u b s e q u e n t  e x a m i n a t i o n  i t  was n o t  d e t e c t e d .  S i n c e  t h e  
Ph chromosome r e a p p e a r e d  a few m o n t h s  l a t e r ,  t h e  p r e s c r i b e d  
r e i n d u c t i o n  t h e r a p y  had t o  be s t a r t e d  e a r l i e r .  I n  t h e  1 7 t h  and 
4 1 s t  month  o f  d i s e a s e  n o r m a l  k a r y o t y p e s  were  shown.  She i s  i n  
c o m p l e t e  r e m i s s i o n ,  h e r  s u r v i v a l  t i m e  i s  166 m o n t h s .  T h i s  
f a m i l i a l  l e u k e m i c  case  -  Ph p o s i t i v e  ALL o f  a m o t h e r  and h e r  
i n f a n t  -  was r e p o r t e d  i n  1981 / 1 8 / .
I n  t h e  second  p a t i e n t  l e u k e m i c  c e l l s  had  t (2  ; 8 ) t r a n s l o c a t i o n  
w i t h  b r e a k p o i n t s  2p21 and 8q24 .
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TABLE I
C l i n i c a l  and labora to ry  data o f  i n f a n t  leukemia
P a t i e n t  Age/sex Leukocyte Morphology Immuno- 
No. count X (FAB) phenotype
109/L
□ate of 
examinat ion 
(mo)
Acute
1 .
lymphoid leukemia 
9 mo/f 6 LI non-T, non-B 1. before t rea tment
2 . a f t e r  i n d u c t i on
3. remission 
6 . remission 
8 . remission
17. remission 
41. remission
2 . 8 mo/m 25 LI non-T, non-B 1 . before t reatment
3. 12 mo/f 6 LI non-T, non-B 1 . before t reatment
4 . * 6 wk/ f 215 LI - 1 . before t rea tment
5. 2 mo/m 7,7 LI b i pheno typ ic 1. before t rea tment
Acute non lymphoid leukemia
6 . 12 mo/m 60 М2 - 1 . before t rea tment 
3. a f t e r  i n d u c t i on  
w i thout  remiss ion
12. remission 
14. remission 
21. relapse
7. 6 mo/m 40 M6 - 1 . before t rea tment 
3. a f t e r  i n d u c t i on  
w i thout  remiss ion
8 . 4 mo/f 15 M5 - 1 . before t rea tment
2 . a f t e r  i n d u c t i on
3. te rmina l  s ta te
9. 7 wk/m 18 M4 - 1. before t rea tment
10 . 6 wk/m 17 Ml - 1 . before t rea tment
11 . 4 mo/f 40 M4 - 1 . before t rea tment
12 . 3 mo/m 2 Ml _ 1. before t rea tment
* immunophenotypical  a na ly s is  was not done
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Table I  Cont.
No. o f  
metaphases 
examined
Abnormal
karyotype
No. o f  
abnormal 
metaphases
Durat ion of 
remission
(mo)
Du ra t io n  o f  
s u r v i v a l  
(mo)
18 46, XX, t  ( 9 ; 22 ) 4 >122 >166
10 46,XX, t ( 9 ; 22) 2
9 - -
7 46, XX, t (9;22) 4
10 46, XX, t  ( 9 ; 22 ) 5
15 - -
8 - -
14 46 ,XY, t ( 2 ; 8) 14 0 5
32 46,XX,de l (4q) / 2 48 63
47, XX,+21/ 3
hypo te t rap lo id 10
9 46,XX, t ( 4 ; 11) 9 0 5 days
15 _ _ >2 >4
5 46,XY, t ( 9 ;2 2 ) 5 17 21
4 46,XY, t ( 9 ;2 2 ) 4
15 _ _
6 - -
8 46,XY,7q+/ 3
46,XY, i (17q) 2
13 _ _ 0 9
12 45, XY, —17/ 4
44,X. -17,-Y 3
7 _ _ 0 2,5
11 - -
5 - -
8 - - 0 20 days
20 46,XY, t ( 4 ; "  ) 20 0 1
10 - - 0 16 days
18 46,XY,del (10p) 18 0 7 wk
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I n  t h e  t h i r d  i n f a n t  w i t h  ALL f o u r  d i f f e r e n t  c e l l  l i n e s  were  
s e e n :  1 . c e l l s  n o r m a l  k a r y o t y p e ,  2 . d e l e t i o n  o f  t h e  l o n g  arm o f  
ch romosome 4 :  4 q 2 1 ,  3.  g a i n  o f  chromosome 21 ,  and 4.  
h y p o t e t r a p l o i d .
I n  t h e  f o u r t h  c h i l d  w i t h  c o n g e n i t a l  l e u k e m i a  t (4  ; 11 )  ( q 2 1 ; q 2 3 )  
was o b s e r v e d .  T h e r e  were n o t  any  c h ro m osom a l  a b e r r a t i o n s  i n  
i n f a n t  w i t h  b i p h e n o t y p i c  ac u te  l e u k e m i a  ( c a s e  5 ) .
T h re e  o f  t h e  f o u r  cases w i t h  a b n o r m a l  k a r y o t y p e  had 
p s e u d o d i p l o i d i t y  w h i l e  one case was h y p o t e t r a p l o i d .  F o u r  o f  t h e  
s e v e n  cases w i t h  ANLL had c h r o m o s o m a l  a b n o r m a l i t i e s  i n  t h e  
l e u k e m i c  c e l l s .  I n f a n t s  w i t h  AMMol and  AMol had n o r m a l  d i p l o i d  
k a r y o t y p e .
I n  th e  c h i l d  w i t h  М2 F A B - t y p e  ( c a s e  6 ) ch romosome 
i n v e s t i g a t i o n  show ed  Ph p o s i t i v i t y  a t  d i a g n o s i s  and a f t e r  
i n d u c t i o n .  D u r i n g  t h e  r e m i s s i o n  c h r o m o s o m a l  a b e r r a t i o n s  were  n o t  
p r e s e n t .  I n  t e r m i n a l  r e l a p s e  new a b e r r a t i o n s  a p p e a r e d :  7q+ and 
i  (  17 q ) .
I n  i n f a n t  w i t h  e r y t h r o l e u k e m i a  n o r m a l  k a r y o t y p e  ( c a s e  7)  was 
o b s e r v e d  a t  d i a g n o s i s .  I n  th e  t h i r d  m o n t h  o f  d i s e a s e  i n  one p a r t  
o f  t h e  c e l l s  h y p o d i p l o i d y  was d e t e c t e d  caused  by monosomy 17 o r  
monosomy 17 and t h e  l o s s  o f  Y. I n  t h e  c a s e  o f  c o n g e n i t a l  l e u k e m i a  
( c a s e  10 ) i n  a l l  t h e  c e l l s  t (4  ; 1 1 ) was o b s e r v e d ,  b r e a k p o i n t s  
i n v o l v e d  were 4q21  and 11 q23.  The o t h e r  c h i l d  w i t h  Ml F A B - t y p e  
( c a s e  12) had a d e l e t i o n  o f  t h e  s h o r t  arm o f  chromosome 10.  The 
i n v o l v e d  b r e a k p o i n t  was 1 0 p l 3 .
P l o i d y  i n  a b n o r m a l  ANLL k a r y o t y p e s  b u t  one ( c a s e  7) 
h y p o d i p l o i d  case  was p s e u d o d i p l o i d .
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DISCUSSION
R e c e n t l y  r e m a r k a b l e  e f f o r t s  have  been  made t o  e s t a b l i s h  t h e  
b i o l o g i c  and p r o g n o s t i c  v a l u e  o f  s p e c i f i c  c y t o g e n e t i c  
a b n o r m a l i t i e s  i n  a c u t e  l e u k e m i a s .  I n  s p i t e  o f  t h i s  we know l i t t l e  
a b o u t  e x a c t  k a r y o t y p e  d i s t r i b u t i o n  o f  i n f a n t  l e u k e m i a .  R e l a t i v e l y  
l a r g e  number o f  c a s e s  have  been s t u d i e d  c y t o g e n e t i c a l l y  and 
d e s c r i b e d  as a n o n - r a n d o m  k a r y o t y p i c  change  o f  t h e  t (4  ; 1 1 )  / 1 3 ,  
14,  1 7 / .  Pu i  e t  a l .  / 2 0 /  r e p o r t e d  chromosomal  c h a n g e s  i n  
s i g n i f i c a n t  number o f  i n f a n t s .  93% o f  cases  had a b n o r m a l  
k a r y o t y p e s  and 84% were  p s e u d o d i p l o i d .  I n  t h e  h a l f  o f  t h e  
a f f e c t e d  p a t i e n t s  I l q 2 3 - q 2 5  b r e a k p o i n t s  were i n v o l v e d .  T h i s  
f r e q u e n c y  i s  h i g h e r  t h a n  t h a t  seen i n  o l d e r  c h i l d r e n  w i t h  A L -s  
(4% i n  AL L ,  13% i n  ANL L ) .  B e s i d e s  c h r o m o s o m a l  r e g i o n s  t h e  9 p 2 1 - 2 2  
and 1 0 p l 3  were p r e f e r e n t i a l l y  i n v o l v e d .  Abe e t  a l .  / 1 /  r e p o r t e d  
c h r o m o s o m a l  a b n o r m a l i t i e s  i n v o l v i n g  l l q  i n  48% o u t  o f  29 i n f a n t  
l e u k e m i a .  Heim e t  a l .  / 1 1 /  p r e s e n t e d  t h e  d i s t r i b u t i o n  o f  
k a r y o t y p i c  changes i n  t h e i r  t h r e e  c a s e s  and 31 c o l l e c t e d  f r o m  t h e  
l i t e r a t u r e  l e u k e m i a  p a t i e n t s  l e s s  t h a n  6 months o f  a g e .  They 
r e p o r t e d  a new s t r u c t u r a l  ch ro m o so m a l  r e a r r a n g e m e n t :  t (1 1  : 1 9 )  and 
s u g g e s t e d  t h a t  t h i s  r e c i p r o c a l  t r a n s l o c a t i o n  m i g h t  r e p r e s e n t  a 
s p e c i f i c  su b g ro u p  o f  l e u k e m i a  w i t h  r e l a t i v e l y  good p r o g n o s i s  i n  
t h e  v e r y  young a g e .  The ch ro m o s o m a l  t r a n s l o c a t i o n  o r  d e l e t i o n  
i n v o l v i n g  band q23 o f  chromosome 11 was e s p e c i a l l y  u n i f o r m  change  
i n  C h i n e s e  i n f a n t s ;  i n  seven  o f  t h e  e i g h t  p a t i e n t s  i n v e s t i g a t e d  
/ 6 / .
One o f  t h e  mos t  i m p o r t a n t  p r o g n o s t i c  f a c t o r s  i n  c h i l d h o o d  AL 
i s  t h e  c y t o g e n e t i c  f i n d i n g s  a t  d i a g n o s i s .  L e u k e m i c  c e l l  
c h r o m o s o m a l  a n a l y s e s  p r o v i d e  i n d e p e n d e n t  c o n t r i b u t i o n  t o  
p r o g n o s i s .  Se eker  -  W a l k e r  e t  a l .  / 2 2 /  r e a l i z e d  t h e  i m p o r t a n c e  o f  
p l o i d y  w i t h  more t h a n  50 chromosomes w h i c h  i s  t h e  b e s t  p r o g n o s i s ,  
h o w e v e r ,  r e l a t i v e l y  p o o r  p r o g n o s i s  a s s o c i a t e d  w i t h  
p s e u d o d i p l o i d y . A l a r g e  number  o f  p a t i e n t s  i n  t h e  p s e u d o d i p l o i d  
c a t e g o r y  have t r a n s l o c a t i o n s .  The p r e s e n c e  o f  t r a n s l o c a t i o n  
i n c r e a s e s  t h e  r i s k  o f  t r e a t m e n t  f a i l u r e  / 2 3 / .  The a d v e r s e  
p r o g n o s t i c  s i g n i f i c a n c e  o f  c e r t a i n  t r a n s l o c a t i o n s  i n  ALL s u c h  as 
t ( 9 ; 2 2 k ) ,  t (4 ; 11 )  and t (8  ; 14)  o r  v a r i a n t  t r a n s l o c a t i o n s  has  been
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c l e a r l y  e s t a b l i s h e d .  Bes id es  t r a n s l o c a t i o n s  i n v o l v i n g  l l q ,  
t ( 9 ; 2 2 ) ,  - 7 / 7 q -  and l o s s  o f  sex ch rom osome  seem t o  be u n f a v o r a b l e  
i n  c h i l d r e n  w i t h  ANLL / 9 ,  1 6 / .
We c o n c l u d e  t h a t  p r o g n o s i s  t e n d s  t o  be p o o r  i n  i n f a n t s  w i t h  AL 
due  t o  t h e  f r e q u e n t  p re s e n c e  o f  u n f a v o r a b l e  ch ro m o s o m a l  
a b n o r m a l i t i e s  and t h e  absence o f  h y p e r d i p l o i d y . F o u r  o f  f i v e  
c h i l d r e n  w i t h  ALL had s p e c i f i c  c h r o m o s o m a l  f e a t u r e s :  t ( 9 ; 2 2 ) ,  
t ( 2 ; 8 ) ,  d e l ( 4 q )  and  t (4  ; 1 1 ) .  I n  f o u r  o f  seven  i n f a n t s  w i t h  ANLL 
n o n - r a n d o m  c h r o m o s o m a l  a b n o r m a l i t i e s  w e re  d e t e c t e d :  t ( 9 ; 2 2 ) ,  
h y p o d i p l o i d y  ( - 1 7 / - 1 7 , -  Y ) , t  ( 4 ; 11 ) and d e l  ( Ю р ) .  Moda l  
ch romosome number i n  s i x  cases  o f  t h e  e i g h t  i n f a n t s  w i t h  a b n o r m a l  
k a r y o t y p e  was p s e u d o d i p l o i d ,  one c a s e  was h y p o d i p l o i d ,  one  case  
was h y p o t e t r a p l o i d . We ob s e rv e d  q u i t e  ch a n g e a b le  k a r y o t y p e  
a b n o r m a l i t i e s  i n  o u r  p a t i e n t s  w h ic h  d i f f e r e d  f rom t h o s e  r e p o r t e d  
i n  t h e  l i t e r a t u r e .  The cause o f  t h i s  o b s e r v a t i o n  r e m a i n s  
u n c l a r i f i e d .  F u r t h e r m o r e ,  p r e c i s e  d e f i n i t i o n  o f  i n f a n t s  w i t h  AL 
i s  d i f f i c u l t  p a r t i c u l a r l y  i n  t h e  f i r s t  months  o f  age i n  young 
c h i l d r e n .  More t h a n  h a l f  o f  ou r  p a t i e n t s  was d i a g n o s e d  w i t h i n  t h e  
f i r s t  s i x  months  o f  l i f e .  To d i s t i n g u i s h  ALL L2 f r o m  ANLL Ml 
s u r f a c e  m a r k e rs  h a v e  been foun d  t o  be u s e f u l .  R e c e n t l y  an a r r a y  
o f  s p e c i f i c  c y t o g e n e t i c  a b n o r m a l i t i e s  has  been l i n k e d  t o  b l a s t s  
w i t h  d e f i n e d  l y m p h o i d  p h e n o ty p e  i n  ALL s i m i l a r  t o  t h o s e  
a s s o c i a t e d  w i t h  ANLL / 1 5 ,  1 6 / .  I n  tw o  o f  o u r  e i g h t  i n f a n t s  w i t h  
a b n o r m a l  k a r y o t y p e  ch ro m o s o m a l  f i n d i n g  d i d  n o t  c o r r e l a t e  w i t h  t h e  
e x p e c t e d  i m m u n o p h e n o t y p i c  and m o r p h o l o g i c  f e a t u r e s  o f  b l a s t  
c e l l s .  t (2 ; 8 ) t h a t  i s  s p e c i f i c  t r a n s l o c a t i o n  f o r  a c u t e  B - c e l l  
( S I g + )  and L3 m o r p h o l o g y  l e u k e m ia  was f o u n d  i n  non -T ,  n o n -B  c e l l  
l e u k e m i a .  Reason o f  u n u s u a l  a s s o c i a t i o n  may be due t o  t h e  
b r e a k p o i n t  i n v o l v e d :  2 p 21 was more d i s t a l  on chromosome 2 t h a n  
t h e  p l l  o b s e r v e d  i n  t h e  m a j o r i t y  o f  В- c e l l  ALL. Most  l e u k e m i a s  
w i t h  t (4  ; 11) a p p e a r  t o  have made c o m m i t m e n t  t o  t h e  B - c e l l  
p r o c u r s o r s ,  b u t  t h e r e  i s  e v i d e n c e  f o r  comm i tment  t o  m y e l o i d ,  
m o n o c y t o i d  and T - c e l l  l i n e a g e ,  t o o  / 1 1 ,  1 4 / .  We i d e n t i f i e d  t h i s  
k a r y o t y p i c  change i n  a c o n g e n i t a l  n o n - l y m p h o c y t i c  l e u k e m i a  (FAB 
M l ) .  I n d u c t i o n  r e m i s s i o n  was f a i l u r e  i n  t h e s e  i n f a n t s .  A c u t e  B- 
c e l l  l e u k e m i a  r e s p o n d s  p o o r l y  t o  t h e  c h e m o t h e r a p y  used t o  t r e a t  
c h i l d h o o d  ALL. C y c l o p h o s p h a m i d e  i n d u c e d  more s u c c e s s f u l
Chromosomal investigation in  leukemia 31
p r o g n o s i s .  I n  h y b r i d  l e u k e m i a s  w i t h  t (4  ; 11 )  t e n i p o s i d  and a r a - C  
r e s u l t e d  i n  f a v o r a b l e  ou tcome / 1 9 / .  I t  i s  s u g g e s t e d  t h a t  
c h ro m osom a l  a n a l y s i s  s h o u l d  be c a r r i e d  o u t  i n  a l l  t h e  p a t i e n t s  
w i t h  AL a t  t h e  t i m e  o f  d i a g n o s i s  i n  a d d i t i o n  t o  t h e  i m m u n o l o g i c a l  
and m o r p h o l o g i c a l  c l a s s i f i c a t i o n .  S p e c i f i c  ch ro m o so m a l  
a b n o r m a l i t i e s  such  as r e c i p r o c a l  t r a n s l o c a t i o n s  have been r e l a t e d  
t o  t h e  r e s u l t  o f  c o m b in ed  c h e m o t h e r a p y  o f  c h i l d h o o d  l e u k e m i a ,  
r a i s i n g  t h e  p o s s i b i l i t y  o f  i n d i v i d u a l i z e d  t r e a t m e n t  based  on 
c y t o g e n e t i c a l l y  d e f i n e d  s u b t y p e s  o f  A L .
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The p r e s e n t  s t u d y  was u n d e r t a k e n  t o  i n v e s t i g a t e  t h e  
r e l a t i o n s h i p  be tween  a c i d o s i s ,  u r i n e  pH and u r i n a r y  
PGE2 e x c r e t i o n  i n  newborn i n f a n t s  w i t h  mean b i r t h w e i g h t  
o f  2164 g and mean g e s t a t i o n  age o f  34 weeks and i n  10 
c h i l d r e n  a t  mean age 8 . 9  y e a r s  u n d e r g o i n g  NH^Cl l o a d i n g  
t e s t .
To a s s e s s  u r i n a r y  a c i d i f i c a t i o n  o r a l  NH^Cl was g i v e n  
i n  a s i n g l e  dose o f  0 . 1 5  g / k g  t o  n e o n a te s  and i n  t h e  
same dose ( 0 . 1 5  g / k g  d i v i d e d  i n t o  4 p a r t s )  f o r  3 
c o n s e c u t i v e  days t o  o l d e r  c h i l d r e n .  P r i o r  t o  and 
f o l l o w i n g  NH^Cl a d m i n i s t r a t i o n  b l o o d  a c i d - b a s e  
p a r a m e t e r s  ( A s t r u p  m e t h o d ) ,  u r i n e  pH ( R a d i o m e t e r  pH 
m e t e r )  and u r i n a r y  PGEo e x c r e t i o n  ( g a s  c h r o m a t o g r a p h i c -  
mass s p e c t r o m e t r i c  m e t h o d )  w e re  m e asu r ed .
I t  was d e m o n s t r a t e d  t h a t  i n  r e s p o n s e  t o  NH^Cl  
m e t a b o l i c  a c i d o s i s  u r i n e  pH was d e p r e s s e d  s i g n i f i c a n t l y  
w h i l e  u r i n a r y  PGE2 e x c r e t i o n  re m a in e d  p r a c t i c a l l y  
u n c h a n g e d .  When u r i n a r y  PGE2 e x c r e t i o n  was s t u d i e d  as a 
f u n c t i o n  o f  base e x c e s s  o r  u r i n e  pH s i g n i f i c a n t  
p o s i t i v e  c o r r e l a t i o n  c o u l d  be e s t a b l i s h e d  be tw e e n  t h e s e  
p a r a m e t e r s  f o r  t h e  newb orn  ( u r i n e  pH: r = 0 . 5 1 ,  p < 0 . 0 5 ,  
base  e x c e s s  : r  = 0 . 5 2 ,  p < 0 . 0 5 )  b u t  n o t  f o r  t h e  c h i l d r e n .  
When m u l t i p l e  r e g r e s s i o n  a n a l y s i s  was used t o  c o n s i d e r  
a l l  t h r e e  v a r i a b l e s  s i m u l t a n e o u s l y  th e  i n c r e a s e  o f  base  
e x c e s s  and u r i n e  pH p r o v e d  t o  a c t  i n  c o n c e r t  t o  e n h a n c e  
u r i n a r y  PGEo e x c r e t i o n  ( r = 0 . 6 6 , p<0 .01  f o r  n e w b o r n ;  
r = 0 . 5 0 ,  p<0 . 0 1  f o r  c h i l d r e n ) .
I t  i s  c o n c l u d e d  t h a t  u r i n a r y  PGE2 e x c r e t i o n ,  u r i n e  
pH and b l o o d  a c i d - b a s e  p a r a m e t e r s  a r e  i n t e r r e l a t e d  i n  
newb orn  i n f a n t s  and o l d e r  c h i l d r e n  u n d e r g o i n g  NH^Cl  
l o a d i n g  t e s t .  The r e s u l t s  p r e s e n t e d ,  how e v e r ,  f a i l e d  t o  
p r o v i d e  c o n v i n c i n g  e v i d e n c e  t h a t  t h e  N H ^ C l - i n d u c e d  
ch anges  i n  r e n a l  f u n c t i o n s  a r e  d i r e c t l y  m e d i a t e d  by 
enhanced  PGE2 p r o d u c t i o n .
Akadémiai Kiadó, Budapest
36 К. Adamovich et a l.
INTRODUCTION
E x p e r i m e n t a l  and c l i n i c a l  s t u d i e s  ha ve  shown i n c r e a s e d  r e n a l  
e l e c t r o l y t e  and w a t e r  e x c r e t i o n  i n  a s s o c i a t i o n  w i t h  e i t h e r  
u n ch a n g e d  o r  r e d u c e d  GFR f o l l o w i n g  NH^Cl  m e t a b o l i c  a c i d o s i s .  
T hese  o b s e r v a t i o n s  have  g i v e n  s u p p o r t  t o  t h e  c o n c e p t  t h a t  t h e  
NH^Cl  a c i d o s i s - i n d u c e d  e l e v a t i o n  o f  r e n a l  e l e t r o l y t e  and w a t e r  
e x c r e t i o n  may be t h e  r e s u l t  o f  t h e i r  i m p a i r e d  t u b u l a r  
r e a b s o r p t i o n  / 2 ,  3 ,  6 , 11,  1 4 / .  The p r e c i s e  u n d e r l y i n g  
m ech an is m  c o n t r o l l i n g  r e n a l  t u b u l a r  h a n d l i n g  o f  w a t e r  and 
e l e c t r o l y t e s  d u r i n g  a c i d o s i s i h o w e v e r , r e m a i n e d  t o  be d e f i n e d .
I n  c o n t r a s t  t o  t h e s e  d a ta  we h a v e  r e c e n t l y  f o u n d  t h a t  i n  
p r e t e r m  and f u l l - t e r m  n e o n a t e s ,  as w e l l  as i n  o l d e r  i n f a n t s  and 
c h i l d r e n ,  t h e  m i l d  t o  m o d e r a te  NH^Cl  m e t a b o l i c  a c i d o s i s  
p r o d u c e d  a s i g n i f i c a n t  i n c r e a s e  i n  GFR, t o o .  On t h e  b a s i s  o f  
t h e s e  o b s e r v a t i o n s  we s u g g e s t e d  t h a t  t h e  a c i d o s i s - r e l a t e d  
i n c r e a s e  i n  u r i n e  f l o w  r a t e  and u r i n a r y  e l e c t r o l y t e  e x c r e t i o n  
may be a c c o u n t e d  f o r  by t h e  c o m b i n e d  e f f e c t s  o f  i n c r e a s e d  GFR 
and  d e c r e a s e d  t u b u l a r  r e a b s o r p t i o n  / 6 , 7 / .  F u r t h e r m o r e ,  we p u t  
f o r w a r d  t h e  h y p o t h e s i s  t h a t  i n c r e a s e d  r e n a l  PGE p r o d u c t i o n  
m i g h t  be r e s p o n s i b l e  f o r  t h e s e  c o m p l e x  f u n c t i o n a l  c h a n g e s ,  
s i n c e  r e n a l  PGE p r o d u c t i o n  has been  shown t o  be s t i m u l a t e d  by 
m e t a b o l i c  a c i d o s i s  / 7 ,  1 6 /  and r e n a l  PGEs have been c l a i m e d  t o  
p l a y  an e s s e n t i a l  r o l e  i n  m a i n t a i n i n g  r e n a l  b l o o d  f l o w  and  GFR 
and  i n  t h e  c o n t r o l  o f  r e n a l  w a t e r  m e t a b o l i s m  and s o d i u m  
h a n d l i n g  / 4 / .  To a d d r e s s  t h i s  i s s u e  t h e  p r e s e n t  s t u d y  was 
u n d e r t a k e n  t o  d e t e r m i n e  t h e  p o s s i b l e  i n f l u e n c e  o f  m e t a b o l i c  
a c i d o s i s  on r e n a l  PGE2 p r o d u c t i o n  i n  a g r o u p  o f  newborn  i n f a n t s  
and  o l d e r  c h i l d r e n  u n d e r g o i n g  NH^Cl  l o a d i n g  t e s t .  W i t h  r e s p e c t  
t o  t h e  dependence  o f  u r i n a r y  PGE2 e x c r e t i o n  on u r i n e  pH / 5 ,  8 , 
9 /  and t h a t  o f  u r i n e  pH on b l o o d  a c i d - b a s e  s t a t u s ,  p a r t i c u l a r  
a t t e n t i o n  was p a i d  t o  i n v e s t i g a t e  t h e  i n t e r r e l a t i o n s h i p  b e tw e e n  
b l o o d  a c i d - b a s e  p a r a m e t e r s ,  u r i n e  pH and u r i n a r y  PGE2 
e x c r e t i o n .  The r e s p o n s e  o f  r e n a l  f u n c t i o n s  and th e  a c t i v i t y  o f  
RAAS t o  NH^Cl  m e t a b o l i c  a c i d o s i s  have been s t u d i e d  
s i m u l t a n e o u s l y  and t h e  d a t a  o b t a i n e d  have  been t h e  s u b j e c t  o f  
p r e v i o u s  p u b l i c a t i o n s  / 1 ,  7 / .
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MATERIALS AND MEÎHODS
Two g r o u p s  o f  p a t i e n t s  were s e l e c t e d  f o r  t h e  s t u d y .  Group  I  
c o n s i s t e d  o f  10 c h i l d r e n  (2 b o y s ,  8 g i r l s )  mean age o f  8 . 9  
y e a r s  ( r a n g e : .  4 t o  16)  who were a d m i t t e d  f o r  e v a l u a t i o n  o f  
u r i n a r y  t r a c t  i n f e c t i o n  (8  p a t i e n t s )  a n d / o r  n e p h r o l i t h i a s i s  (9  
p a t i e n t s ) .  R o u t i n e  c l i n i c a l  and l a b o r a t o r y  e x a m i n a t i o n s  d i d  n o t  
r e v e a l  h y p e r t e n s i o n ,  i m p a i r e d  r e n a l  f u n c t i o n s ,  d i s t u r b a n c e  o f  
f l u i d  and e l e c t r o l y t e  h o m e o s t a s i s  and a c i d - b a s e  b a l a n c e .
Group I I  i n c l u d e d  8 newborn  i n f a n t s  w i t h  mean b i r t h w e i g h t  o f  
2164 g ( r a n g e :  1300 t o  3750)  and mean g e s t a t i o n a l  age o f  34 
weeks  ( r a n g e :  28 t o  4 0 ) .  T h e i r  h i s t o r y  d i d  n o t  r e v e a l  c l i n i c a l  
and l a b o r a t o r y  e v i d e n c e  o f  p e r i n a t a l  a s p h y x i a ,  c a r d i o p u l m o n a r y  
d i s t r e s s  and m e t a b o l i c  d i s t u r b a n c e s .  A l l  i n f a n t s  p r o g r e s s e d  
w e l l  e x c e p t  f o r  m i l d  t o  m o d e r a te  j a u n d i c e ,  w h ic h  was t h o u g h t  t o  
be t h e  r e s u l t  o f  u r i n a r y  t r a c t  i n f e c t i o n .  A l t h o u g h  no 
i n f o r m a t i v e  u r i n e  c u l t u r e  c o u l d  be o b t a i n e d ,  s h o r t - t e r m  
a n t i b i o t i c  t h e r a p y  was a p p l i e d .  D e t a i l e d  n e p h r o l o g i c a l  
e v a l u a t i o n  d i d  n o t  d e t e c t  e i t h e r  r e n a l / u r i n a r y  t r a c t  
a b n o r m a l i t i e s  o r  i m p a i r e d  r e n a l  f u n c t i o n .  A l l  i n f a n t s  w ere  
b r e a s t  f e d  and 5% g l u c o s e  i n  w a t e r  was added t o  p r o v i d e  f l u i d  
i n t a k e  o f  1 5 0 -1 8 0  m l / k g  p e r  day .
As a p a r t  o f  e v a l u a t i o n  o f  r e n a l  f u n c t i o n s  u r i n a r y  
a c i d i f i c a t i o n  was a s s e s s e d  by g i v i n g  o r a l  NH^Cl i n  a s i n g l e  
dose  o f  0 . 1 5  g / k g  t o  t h e  n e o n a t e s  a t  t h e  end o f  t h e  f i r s t  week 
and i n  t h e  same dose  ( 0 . 1 5  g / k g  d i v i d e d  i n t o  4 p a r t s )  f o r  3 
c o n s e c u t i v e  days  t o  t h e  o l d e r  c h i l d r e n .  P r i o r  t o  and f o l l o w i n g  
NH^Cl  a d m i n i s t r a t i o n  u r i n e  was c o l l e c t e d  f o r  a p e r i o d  o f  12 
h o u r s  ( n e o n a t e s )  o r  24 h o u r s  ( o l d e r  c h i l d r e n )  and b l o o d  was 
t a k e n  f o r  a c i d - b a s e  p a r a m e t e r s ,  p l a s m a  e l e c t r o l y t e s  and 
c r e a t i n i n e .  U r i n e  was a n a l y z e d  f o r  n e t  a c i d s ,  pH, e l e c t r o l y t e s ,  
c r e a t i n i n e  and PGE2 c o n c e n t r a t i o n .  A l i q u o t s  o f  each  u r i n e  
s a m p le  were  f r o z e n  i m m e d i a t e l y  a f t e r  c o l l e c t i o n  and s t o r e d  a t  
- 2 0  °C u n t i l  a n a l y z e d .  U r i n e  pH was d e t e r m i n e d  u s i n g  R a d i o m e t e r  
pH m e t e r .  U r i n a r y  PGE2 mea su re men ts  w e re  p e r f o r m e d  a c c o r d i n g  t o  
S e y b e r t  e t  a l .  u s i n g  gas c h r o m a t o g r a p h i m a s s  s p e c t r o m e t r i c  
metho d  / 1 3 ,  1 5 / .
The r e s u l t s  a r e  p r e s e n t e d  as meanjfSE and were e v a l u a t e d  by 
means o f  S t u d e n t ' s  p a i r e d  t - t e s t ,  by c a l c u l a t i o n  o f  c o r r e l a t i o n  
c o e f f i c i e n t  and by m u l t i p l e  v a r i a n c e  a n a l y s i s .
A p p r o v a l  o f  t h e  i n s t i t u t i o n a l  r e v i e w  c o m m i t t e e  and w r i t t e n  
p a r e n t a l  i n f o r m e d  c o n s e n t  were o b t a i n e d  f o r  t h e  s t u d y .
RESULTS
B lo o d  a c i d - b a s e  p a r a m e t e r s ,  u r i n e  pH and u r i n a r y  PGE2 
e x c r e t i o n  i n  new bor n  i n f a n t s  and c h i l d r e n  p r i o r  t o  and 
f o l l o w i n g  ИНдС1 a d m i n i s t r a t i o n  a r e  shown i n  th e  T a b l e .
I t  can be seen  t h a t  NH^Cl i n g e s t i o n  i n d u c e d  m i l d  t o  m o d e r a t e
œTABLE I
B lo o d  a c i d - b a s e  p a r a m e t e r s ,  u r i n e  pH and u r i n a r y  PGE2 e x c r e t i o n  i n  newborn  
i n f a n t s  and c h i l d r e n  b e f o r e  and a f t e r  NH4C1 a d m i n i s t r a t i o n  (mean^SE)
Newborn i n f a n t s  
b e f o r e  a f t e r  
NH^Cl l o a d i n g
C h i l d r e n
b e f o r e  a f t e r  
NH^Cl l o a d i n g
B lo o d  pH
t o t a l  CO2 c o n t e n t
7 . 3 0 ^ 0 . 0 2 7 . 2  5jh 0 . 0 2 * 7 . 4 1 i 0 . 0 3 7 . 3 ^ 0 . 0 3 * *
(m E q /1 ) 1 9 . 9  + 1 . 2 1 7 . 9  ± 1 . 2 * * 2 6 . 2  i 0 . 8 1 9 . 6  i  0 . 7 * *
Base exc e s s - 6 . 4  _+0.8 - 9 . 8  i l . 2 * * -  0 . 1 4 i l .8 - 6 . 8  i  0 . 8*
( m E q / 1 ) 
U r i n e  pH 5 . 8  jb O. l 5 . 6  i 0 .2 * * 6 . 3  i O . l 5 . 3  i  0 . 2 * * *
U r i n a r y  PGE2 
e x c r e t i o n  ( n g / h ) 1 . 8 3 ^ 0 . 8 3 1 . 7 6 i 0 . 6 1 4 . 6 6 + 0 . 6 4 4 . 0 7 i 0 . 7 6
*
* *
* * *
p < 0 .0 5
p < 0 .0 1
p < 0 .0 0 2 5
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m e t a b o l i c  a c i d o s i s  i n  b o t h  g r o u p s  as i n d i c a t e d  by t h e  
s i g n i f i c a n t l y  d e p r e s s e d  b l o o d  pH, t o t a l  CO2 c o n t e n t  and base  
d e f i c i t .  U r i n e  pH d e c r e a s e d  a c c o r d i n g l y  a f t e r  i n d u c t i o n  o f  
a c i d o s i s  w h i l e  u r i n a r y  PGE2 e x c r e t i o n  r e m a in e d  p r a c t i c a l l y  
u n c h a n g e d ,  s u g g e s t i n g  t h a t  a l t e r a t i o n s  i n  a c i d - b a s e  b a l a n c e  
have  no a p p a r e n t  i n f l u e n c e  on r e n a l  PGE2 p r o d u c t i o n  n e i t h e r  i n  
new bor n  i n f a n t s  n o r  i n  o l d e r  c h i l d r e n .
When u r i n a r y  PGE2 e x c r e t i o n  was s t u d i e d  as a f u n c t i o n  o f  
base  e x c e s s ,  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  c o u l d  be 
e s t a b l i s h e d  be tween t h e s e  two p a r a m e t e r s  f o r  t h e  n e w b o r n  
( r = 0 . 5 2 ,  p < 0 . 0 5 )  b u t  n o t  f o r  t h e  c h i l d r e n  g r o u p  ( r = 0 . 3 ,  p < 0 . 1 )  
( F i g  s 1 ,  2 ) .
S i m i l a r l y ,  u r i n e  PGE2 e x c r e t i o n  t e n d e d  t o  d e c r e a s e  w i t h  
d e c l i n i n g  u r i n e  pH o v e r  t h e  ra n g e  o f  4 . 6  t o  7 .0  b u t  t h e s e  
ch a n g e s  a c h i e v e d  s t a t i s t i c a l  s i g n i f i c a n c e  o n l y  i n  c a s e  o f  
new bor n  i n f a n t s  ( r = 0 . 5 1 ,  p < 0 . 0 5 )  ( F i g s  1, 2 ) .
S i n c e  base d e f i c i t ,  u r i n e  pH and u r i n a r y  PGE2 e x c r e t i o n  
a p p e a r  t o  be i n t e r r e l a t e d  and t h e  d e c r e a s i n g  u r i n e  pH i s  l i k e l y  
t o  r e d u c e  u r i n a r y  PGE2 e x c r e t i o n  i n d e p e n d e n t l y  o f  t h e  r e n a l  
p r e d u c t i o n  r a t e ,  i t  seemed w o r t h w i l e  t o  d e t e r m i n e  t h e  
i n t e r r e l a t i o n s h i p  be tw e e n  t h e s e  t h r e e  v a r i a b l e s .  When a l l  t h r e e  
v a r i a b l e s  a re  c o n s i d e r e d  s i m u l t a n e o u s l y ,  t h e  i n c r e a s e  o f  base  
e x c e s s  and u r i n e  pH a r e  a c t i n g  i n  c o n c e r t  t o  enhance  u r i n a r y  
PGE2 e x c r e t i o n ,  o r  r a t h e r  i f  t h e  e x p e c t e d  a c i d o s i s  i n d u c e d  
i n c r e a s e  o c c u r s  i n  r e n a l  PGE2 p r o d u c t i o n ,  i t  i s  o u t w e i g h e d  by 
t h e  more p o w e r f u l  i n f l u e n c e  o f  l o w  u r i n e  pH t o  r e d u c e  i t s  
e x c r e t i o n  r a t e  ( r = 0 . 6 6 , p < 0 . 0 1  f o r  n e w b o r n s ;  r = 0 . 5 0 ,  p < 0 . 0 1  f o r  
c h i l d r e n )  .
DISCUSSION
The r e s u l t s  o f  t h e  p r e s e n t  s t u d y  p r o v i d e d  e v i d e n c e  t h a t  
u r i n a r y  PGE2 e x c r e t i o n ,  u r i n e  pH and b l o o d  a c i d - b a s e  p a r a m e t e r s  
a r e  i n t e r r e l a t e d  i n  newborn i n f a n t s  and o l d e r  c h i l d r e n  
u n d e r g o i n g  NH^Cl l o a d i n g  t e s t .  M o r e o v e r ,  we c o u l d  d e m o n s t r a t e  
t h a t  u r i n a r y  PGE2 e x c r e t i o n  o f  t h e  n e o n a t e s  i s  more r e a d i l y
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F i g . 2 . R e l a t i o n s h i p  o f  u r i n a r y  PGE2 e x c r e t i o n  t o  base  e x c e s s  
and u r i n e  pH i n  c h i l d r e n  s u b j e c t e d  t o  NH*C1 l o a d i n g
+- о c 4- ** 0
42 К. Adamovich et a l.
r e s p o n s i v e  t o  changes  i n  a c i d - b a s e  b a l a n c e  and u r i n e  pH t h a n  o f  
o l d e r  c h i l d r e n .  On t h e  o t h e r  h a n d ,  t h e s e  f i n d i n g s  f a i l e d  t o  
s u b s t a n t i a t e  o u r  c o n t e n t i o n  t h a t  t h e  NH^Cl  a c i d o s i s - i n d u c e d  
c h a n g e s  i n  r e n a l  f u n c t i o n s ,  i . e .  i n c r e a s e  i n  GFR, u r i n e  f l o w  
r a t e  and f r a c t i o n a l  e l e c t r o l y t e  e x c r e t i o n ,  a re  d i r e c t l y  
m e d i a t e d  by enhanced  r e n a l  PGE p r o d u c t i o n .
I n  a r e c e n t  s t u d y  i n  i n t a c t  r a t s  and i n  r e n a l  c o r t i c a l  
s l i c e s  on t h e  i n t e r p l a y  be tween m e t a b o l i c  a c i d o s i s ,  r e n a l  
ammo n ia  g e n e r a t i o n  and  r e n a l  PGs s y n t h e s i s  Jones e t  a l .  
r e p o r t e d  t h a t  m i l d  m e t a b o l i c  a c i d o s i s  s i m u l t a n e o u s l y  s t i m u l a t e d  
r e n a l  PG s y n t h e s i s  and  ammonia g e n e r a t i o n .  I n h i b i t i o n  o f  
a c i d o s i s - i n d u c e d  PG p r o d u c t i o n  t h e r e f o r e  a l l o w e d  an u n o p p o s e d  
i n c r e a s e  i n  ammonia g e n e r a t i o n .  M a x i m a l  s t i m u l a t i o n  o f  PG 
s y n t h e s i s  was a c h i e v e d  a t  serum b i c a r b o n a t e  l e v e l  o f  18 mM/1 
/ 1 0 / .  No a t t e m p t  was made by t h e  a u t h o r s  t o  e n l i g h t e n  t h e  
m e c h a n i s m  by w h i c h  a c i d o s i s  s t i m u l a t e s  r e n a l  PG s y n t h e s i s .  
F u r t h e r m o r e ,  T anne r  and Goya l  u s i n g  i s o l a t e d  p e r f u s e d  r a t  
k i d n e y  and r e n a l  c o r t i c a l  t u b u l e s  i n c u b a t e d  i n  v i t r o  r e p o r t e d  
t h a t  i n  r e s p o n s e  t o  a c u t e  r e s p i r a t o r y  a c i d o s i s  b o th  r e n a l  PGE2 
and  PGF2^  p r o d u c t i o n  i n c r e a s e d  s i g n i f i c a n t l y  b u t  o n l y  РСЕ2 е><, 
was f o u n d  t o  i n h i b i t  r e n a l  a m m o n i a g e n i c  r e s p o n s e  t o  a c i d o s i s  
/ 1 7 / .  M i l t é n y i  e t  a l .  f o u n d  s i g n i f i c a n t l y  e l e v a t e d  1 5 - k e t o - P G E 2  
e x c r e t i o n  i n  c h i l d r e n  w i t h  k e t o a c i d o t i c  d i a b e t e s  / 12 / .
I n  v i e w  o f  t h e s e  o b s e r v a t i o n s  a m a r k e d  r e n a l  PGE2 r e s p o n s e  
t o  NH^ Cl  a c i d o s i s  c o u l d  have  been e x p e c t e d .  The p o s s i b l e  r e a s o n  
f o r  o u r  f a i l u r e  t o  d e m o n s t r a t e  i n c r e a s e d  r e n a l  PGE2 e x c r e t i o n  
i s  t h a t  unde r  t h e  e x p e r i m e n t a l  c o n d i t i o n s  we a p p l i e d ,  u r i n a r y  
PGE2 e x c r e t i o n  c a n n o t  be r e g a r d e d  as a r e l i a b l e  m e a su r e  o f  
r e n a l  PG s y n t h e s i s .
I n  s u p p o r t  o f  t h i s  n o t i o n ,  t h e r e  ha ve  been s e v e r a l  r e p o r t s  
o f  t h e  u r i n e  f l o w  r a t e  and pH d e p e n d e n c y  o f  PGE2 e x c r e t i o n  / 5 ,  
8 , 9 / .  A t  c o n s t a n t  u r i n e  f l o w  and s o d i u m  o u t p u t ,  s i g n i f i c a n t  
p o s i t i v e  c o r r e l a t i o n  was fo u n d  b e t w e e n  u r i n e  pH and PGE2 
e x c r e t i o n .  PGE2 as a weak a c i d  i s  p a s s i v e l y  r e a b s o r b e d  i n  t h e  
d i s t a l  neph ro n  o n l y  i n  i t s  u n i o n i z e d ,  l i p i d - s o l u b l e  f o r m .  A t  
a c i d  pH t h e  p r o p o r t i o n  o f  u n i o n i z e d  PGE2 i s  i n c r e a s i n g  and i t s  
r e a b s o r p t i o n  i s  e n h a n c e d ,  c o n s e q u e n t l y  a t  a g i v e n  r a t e  o f  r e n a l
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s y n t h e s i s  l e s s  PGE2 e x c r e t e d  i n  t h e  u r i n e  / 9 / .
C o n s i d e r i n g  u r i n e  pH as a d e t e r m i n a n t  o f  PGE2 e x c r e t i o n  i t  
a p p e a r s  r e l e v a n t  t o  assume t h a t  i n  o u r  s t u d y  t h e  i n f l u e n c e  o f  
NH^Cl m e t a b o l i c  a c i d o s i s  t o  s t i m u l a t e  r e n a l  PGE2 g e n e r a t i o n  
r e m a i n e d  u n e x p l o r e d  because  o f  t h e  s i m u l t a n e o u s  f a l l  o f  u r i n e  
p H - d e p e n d e n t  d e c r e a s e d  u r i n a r y  PGE2 e x c r e t i o n .  As an 
a l t e r n a t i v e  p o s s i b i l i t y  i t  s h o u l d  a l s o  be c o n s i d e r e d  t h a t  i n  
r e s p o n s e  t o  NH^Cl  a c i d o s i s  r e n a l  PGE2 p r o d u c t i o n  r a t e  r e m a i n s  
u n a l t e r e d  and t h e  a c i d o s i s - i n d u c e d  c h a n g e s  i n  r e n a l  w a t e r  and 
e l e c t r o l y t e s  h a n d l i n g  a re  i n d e p e n d e n t  o f  r e n a l  PGs. A d d i t i o n a l  
s t u d i e s  u s i n g  PG i n h i b i t o r s  a re  n e eded  t o  d e f i n e  more c l e a r l y  
t h e  c o m p l e x  r e l a t i o n s h i p  be tween a c i d o s i s ,  u r i n e  pH and  r e n a l  
PG p r o d u c t i o n .
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M. MILTÉNYI
1 s t  D e p a r t m e n t  o f  P a e d i a t r i c s ,  Sem m e lw e is  U n i v e r s i t y  M e d i c a l  
S c h o o l ,  B u d a p e s t ,  H u n g a r y
R e c e iv e d  12 J a n u a r y  1993
The r e l a t i o n s h i p  b e t w e e n  some l i p i d  p a r a m e t e r s  and 
g l y c é m i e  c o n t r o l ,  as w e l l  as t h e  d u r a t i o n  o f  d i a b e t e s  
was i n v e s t i g a t e d .  D i a b e t i c  s u b j e c t s  were d i v i d e d  i n t o  
t h r e e  s u b g r o u p s :  i_ p a t i e n t s  w i t h  0 -1  yea r  d u r a t i o n  o f  
t h e  d i s e a s e ,  1 -5  y e a r s  d u r a t i o n  and i i i  more t h a n  5 
y e a r s  d i a b e t e s  d u r a t i o n .  Serum g l u c o s e  and f r u c t o s -  
amine l e v e l s  showed no s i g n i f i c a n t  c o r r e l a t i o n  w i t h  any 
o f  se rum l i p i d s  o r  a p o l i p o p r o t e i n s  i n  d i a b e t i c  s u b g r o u p  
i_ and i j _ ,  and i n  c o n t r o l  s u b j e c t s .  H o w e v e r ,  
s i g n i f i c a n t  c o r r e l a t i o n  has  been  foun d  be tw e e n  se ru m 
f r u c t o s a m i n e  and t r i g l y c e r i d e  ( r =  0 . 4 0 6 ,  p < 0 . 0 1 ) ,  
f r u c t o s a m i n e  and a p o l i p o p r o t e i n  В ( r =  0 . 4 8 7 ,  p < 0 . 0 0 1 ) ,  
as w e l l  as be tween serum c h o l e s t e r o l  and t r i g l y c e r i d e  
( r =  0 . 6 5 5 ,  p < 0 . 0 0 1 )  i n  s u b g r o u p  i i i ■ Im pro ved  m e t a b o l i c  
c o n t r o l  seems t o  be a m a j o r  f a c t o r  i n  th e  p r e v e n t i o n  o f  
t h e  l a t e  v a s c u l a r  c o m p l i c a t i o n s  o f  d i a b e t e s .
INTRODUCTION
S i n c e  m a c r o v a s c u l a r  d i s e a s e  i s  a p r i n c i p a l  c o m p l i c a t i o n  
i n  d i a b e t e s ,  l i p i d  p a r a m e t e r s  ha ve  been  a f o c u s  o f  i n t e r e s t ;  
some h u n d r e d  p a p e r s  have been p u b l i s h e d  i n  a d u l t  d i a b e t i c s  i n  
t h e  l a s t  y e a r s .  R e l a t i v e l y  few  s t u d i e s  were c a r r i e d  o u t  i n  
d i a b e t i c  c h i l d r e n  c o n c e r n i n g  t h e  r e l a t i o n s h i p  o f  se ru m 
a p o l i p o p r o t e i n  l e v e l s  and d e g r e e  o f  m e t a b o l i c  c o n t r o l  / 1 , 2 , 
3 ,  4 / .
The a im o f  t h i s  s t u d y  was t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  
b e tw e e n  some l i p i d  p a r a m e t e r s  and g l y c é m i e  c o n t r o l  -  m ea su r e d  
by means o f  se ru m f r u c t o s a m i n e  -  as w e l l  as t h e  d u r a t i o n  o f  
d i a b e t e s .
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SUBJECTS AND METHODS
H und red  and t w e l v e  Type 1 d i a b e t i c  c h i l d r e n  and  50 
h e a l t h y  a g e - m a t c h e d  c o n t r o l s  w e re  e n r o l l e d  i n  t h i s  s t u d y .  
D i a b e t i c  s u b j e c t s  were  d i v i d e d  i n  t h r e e  s u b g r o u p s :  g r o u p  j_ 
p a t i e n t s  0 - 1  y e a r  d u r a t i o n  o f  t h e  d i s e a s e ,  g ro up  i_i_ 1 - 5  y e a r s  
d u r a t i o n ,  and g r o u p  i i i  more t h a n  5 y e a r s  d i a b e t e s  d u r a t i o n .  
T h e i r  c h a r a c t e r i s t i c s  a re  shown i n  T a b l e  I .  D i a b e t i c  p a t i e n t s
TABLE I
C h a r a c t e r i s t i c s  o f  s u b j e c t s  (mean+_SD)
i
D i a b e t i c s  
i  i i i  i
C o n t r o l
P a t i e n t s 13 51 49 50
Age ( y e a r s ) 1 1 . 8+ 2 . 8 1 1 . 9 0 . 4 1 4 . 9 + 2 . 9 1 1 . 3 + 3 . 1
Sex ( M / F ) 4 /9 1 9 / 3 2 25 /23 2 5 / 2 5
D u r a t i o n  o f  
d i a b e t e s  ( y e a r s ) m a x . 1 . 3 . 6 0 . 0 8 . 8+_2. 8 -
w e re  t r e a t e d  as o u t p a t i e n t s  w i t h  c o n v e n t i o n a l ,  t w i c e  d a i l y  
c o m b i n a t i o n  o f  r e g u l a r  and i n t e r m e d i a t e  a c t i n g  i n s u l i n s  
( A c t r a p i d  and M o n o t a r d  HM, Novo N o r d i s k ,  Denmark ) ,  o r  w i t h  
c o n v e n t i o n a l  i n t e n s i f i e d  i n s u l i n  t h e r a p y :  3 t i m e s  r e g u l a r  
i n s u l i n  b e f o r e  m e a l s  and i s o p h a n e  i n s u l i n  a t  b e d t i m e  ( A c t r a p i d  
and P r o t a p h a n  HM, Novo N o r d i s k ) .  B l o o d  samp le s  were c o l l e c t e d  
a f t e r  an o v e r n i g h t  f a s t  (12 h o u r s ) .  I n  d i a b e t i c  s u b j e c t s  
s a m p l e s  were o b t a i n e d  p r i o r  t o  t h e  f i r s t  i n s u l i n  i n j e c t i o n  on 
t h e  day  o f  t h e  s t u d y .
Serum g l u c o s e ,  f r u c t o s a m i n e ,  c h o l e s t e r o l  and t r i g l y c e r i d e  
c o n c e n t r a t i o n s  were  measured by RA- 1000  A n a l y z e r  ( T e c h n i c o n  
C o r p .  T e r r y t o w n ,  N .Y .  USA).  The c o e f f i c i e n t  o f  v a r i a t i o n  (CV%) 
o f  m e t h o d s  w e r e :  g l u c o s e  2.3%,  f r u c t o s a m i n e  3.0%, c h o l e s t e r o l  
2 .5 % ,  t r i g l y c e r i d e  2 .3%.  A p o l i p o p r o t e i n  A - I  and В immu no -  
t u r b i d i m e t r i c  were  a n a l y s e d  w i t h  T u r b o x  sys tem ( O r i o n  C o r p . ,  
E s p o o ,  F i n l a n d ) ,  CV% were a t  a p o l i p o p r o t e i n  A - I  4 .2 % ,  a t  
a p o l i p o p r o t e i n  В 4 .8 % .  For  s t a t i s t i c a l  a n a l y s i s  S t u d e n t ' s  
t _ - t e s t  and l i n e a r  r e g r e s s i o n  a n a l y s i s  w e re  used .
TABLE I I
Measured serum parameters in  Type 1 d ia b e t ic  c h ild re n  subgroups and c o n tro ls  
(mean +_ SD, ap<0.05, bp<0.01, cp<0.001 vs c o n tro ls )
D ia b e tic  p a tie n ts /d ia b e te s  du ra tio n
Parameters <1 year 1-5 years >5 years C ontro ls
N 13 51 48 50
Se C ho les te ro l mmol/1 4.33+0.61 4.45+0.80 4.76+1.08 4.39+0.95
Se t r ig ly c e r id e mmol/1 0 .80+0 .24е 1.08+0.54е 1.48+1.11 1.47+0.57
Se a p o lip o p ro te in  Al g / i 1.34+0.233 1.42+0.31е 1.34+0.22с 1.09+0.31
Se a p o lip o p ro te in  В g / i 0.62+0.123 0.71+0.183 0.84+0.31 0.80+0.26
Se glucose mmol/1 9 .3  +4 .6е 11.4 + 4 .3е 10.9 +4 .7е 4.4 +0.4
Se fructosam ine mmol/1 1.97+0.19ь 2.26+0.26е 2.30+0.28° 1.74+0.22
- -J
L
ip
id
 
param
eters 
in
 
d
ia
b
e
tics
4 8 A. Szabó et a l.
RESULTS
The mean serum c h o l e s t e r o l ,  t r i g l y c e r i d e  and l i p o p r o t e i n  
l e v e l s  i n  t h e  3 s u b g r o u p s  o f  d i a b e t i c  c h i l d r e n  and i n  c o n t r o l s  
a r e  g i v e n  i n  T a b l e  I I .
Mean v a l u e s  o f  s e ru m  c h o l e s t e r o l  d i d  n o t  d i f f e r  b e tw e e n  t h e  
d i a b e t i c  c h i l d r e n  and t h e  c o n t r o l  s u b j e c t s .  The serum 
t r i g l y c e r i d e  c o n c e n t r a t i o n  i n  s u b g r o u p  i_ and j_i_ was
s i g n i f i c a n t l y  l o w e r  t h a n  i n  c o n t r o l s .  The mean serum
a p o l i p o p r o t e i n  A - I  l e v e l s  i n  d i a b e t i c  g r o u p s  were h i g h e r  t h a n  
i n  c o n t r o l s .  The c o n c e n t r a t i o n  o f  a p o l i p o p r o t e i n  В t e n d e d  t o  be 
l e s s  i n  su b g ro u p  i_ and  j_i_ th a n  i n  c o n t r o l  s u b j e c t s .
The d i a b e t i c  p a t i e n t s  e x h i b i t e d  a w id e  r a n g e  o f  g l y c a e m i c  
c o n t r o l  w i t h  f a s t i n g  g l u c o s e  c o n c e n t r a t i o n  r a n g i n g  f r o m  4 . 4  t o  
1 8 . 2  mmol/1  (mean 10 .6+_4.7 m m o l / 1 ) ,  t h e  c o n c e n t r a t i o n s  o f  
f r u c t o s a m i n e  were  1 . 6  and 3 . 1  mmol /1  (mean 2 . 2 4 + 0 . 2 9  m m o l / 1 ) .
T a b l e  I I I  shows t h e  c o r r e l a t i o n  c o e f f i c i e n t s  b e tw e e n  serum
TABLE I I I
R e l a t i o n s h i p  b e tw e e n  measu re d  p a r a m e t e r s  i n  Type 1 d i a b e t i c  
c h i l d r e n  s u b g r o u p s  and c o n t r o l s  
( ap < 0 .05  , b p < 0 . 0 1 ,  c p < 0 . 0 0 1 )
D u r a t i o n  o f  d i a b e t e s
P a r a m e t e r s C o n t r o l <1 y e a r 1 -5  y e a r s >5 y e a r s
SeFa л* TG -  0 . 3 2 6 -  0 . 3 5 1 0 .2 9 4 0 . 40 6b
SeFa ApoB 0 . 1 8 4 0 . 2 5 8 0 . 3 3 2 0 . 48 7c
C h o i  л/ TG 0 . 0 4 2 0 . 1 7 3 0 . 4 4 2 c 0 . 6 5 5 a
f r u c t o s a m i n e  ( S e F a )  l e v e l s  and t r i g l y c e r i d e  ( T G) 
c o n c e n t r a t i o n s .  The i n v e r s e  c o r r e l a t i o n  i n  c o n t r o l  c h i l d r e n
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( r =  - 0 . 3 2 6 ,  NS) has been  changed  f o r  s i g n i f i c a n t  p o s i t i v e  
c o r r e l a t i o n  ( r =  0 . 4 0 6 ,  p < 0 . 0 1 )  i n  c h i l d r e n  who have  had
d i a b e t e s  f o r  more t h a n  5 y e a r s .  T he re  i s  a g r a d u a l l y  i n c r e a s i n g  
c o r r e l a t i o n  be tw een serum f r u c t o s a m i n e  l e v e l s  and 
a p o l i p o p r o t e i n  В c o n c e n t r a t i o n s .  T h e r e  i s  a s i g n i f i c a n t  
p o s i t i v e  c o r r e l a t i o n  b e tw e e n  serum  c h o l e s t e r o l  ( C h o i )  and 
t r i g l y c e r i d e  (TG) c o n c e n t r a t i o n s  i n  t h e  d i a b e t i c  g r o u p  a f t e r  
1 - y e a r  d i a b e t e s  d u r a t i o n .  No s i g n i f i c a n t  c o r r e l a t i o n  was 
f o u n d  when c o m p a r i n g  o t h e r  p a r a m e t e r s  ( S e F a v A p o  A - I , S e F a « /  
C h o l , Apo A - I  Apo B) .
F i g .  1 and 2 d i s p l a y  t h e  f r e q u e n c y  d i s t r i b u t i o n  f o r  
a p o l i p o p r o t e i n  A - I  and a p o l i p o p r o t e i n  В i n  t h e  112 d i a b e t i c
%
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F i g .  1.  The f r e q u e n c y  d i s t r i b u t i o n  o f  a p o l i p o p r o t e i n  A - I .
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F i g .  2.  The f r e q u e n c y  d i s t r i b u t i o n  o f  á p o l i  p o p r o t e  i n  В
c h i l d r e n  comp ar ed  t o  50 h e a l t h y  c o n t r o l s .  The c o n c e n t r a t i o n  o f  
a p o l i p o p r o t e i n  A - I  t e n d e d  t o  be m o d e r a t e l y  h i g h e r  i n  d i a b e t i c  
c h i l d r e n  t h a n  i n  c o n t r o l  s u b j e c t s ,  w h i l e  t h e r e  were  no 
d i f f e r e n c e s  i n  d i s t r i b u t i o n  o f  a p o l i p o p r o t e i n  В l e v e l s .
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DISCUSSION
Type 1 d i a b e t i c s  have  an i n c r e a s e d  r i s k  o f  d e v e l o p i n g  
m a c r o v a s c u l a r  d i s e a s e  w h i c h ,  i n  p a r t ,  may be due t o  l i p i d  
a b n o r m a l i t i e s  / 5 ,  6 / .  V a r i o u s  c h a n g e s  i n  l i p i d  m e t a b o l i s m  have  
been d e s c r i b e d  i n  d i a b e t i c  p a t i e n t s ,  t h o u g h  i t  has  been  
s u g g e s t e d  r e c e n t l y  t h a t  e l e v a t e d  serum c o n c e n t r a t i o n  o f  
a p o l i p o p r o t e i n  B, as w e l l  as d e c r e a s e d  l e v e l s  o f  a p o l i p o p r o t e i n  
A - I ,  m i g h t  be b e t t e r  p r e d i c t o r s  o f  a t h e r o s c l e r o s i s  t h a n  
l i p o p r o t e i n  l i p i d  l e v e l s  / 7 / .
S t u d i e s  on serum a p o l i p o p r o t e i n s  i n  c h i l d r e n  w i t h  Type  1 
d i a b e t e s  have  r e s u l t e d  i n  somewhat c o n f l i c t i n g  r e s u l t s :  E w a l d  
e t  a l .  / 1 /  have  fo u n d  i n c r e a s e d  l e v e l s  o f  Apo A - I ,  ho w e v e r  i n  
t h e  s t u d y  o f  S t r o b l  e t  a l .  / 2 /  se rum  Apo A - I  and В v a l u e s  d i d  
n o t  d i f f e r  i n  d i a b e t i c  and n o n - d i a b e t i c  c h i l d r e n .  More r e c e n t l y  
Kobbah e t  a l .  / 3 /  i n v e s t i g a t e d  t h e  serum a p o l i p o p r o t e i n  l e v e l s  
i n  c h i l d r e n  w i t h  new ly  d e t e c t e d  Type 1 d i a b e t e s  and f o l l o w e d  
them d u r i n g  t h e  f i r s t  two  y e a r s  o f  t h e  d i s e a s e .  The Apo A - I  
and В c o n c e n t r a t i o n s  were h i g h e r  a t  t h e  o n s e t  o f  d i a b e t e s  t h a n  
i n  c o n t r o l s ,  b u t  a f t e r  t r e a t m e n t ,  and d u r i n g  t h e  f i r s t  two  
y e a r s  t h e  c o n c e n t r a t i o n s  o f  a p o l i p o p r o t e i n s  became s i m i l a r  t o  
t h o s e  i n  h e a l t h y  c h i l d r e n .  C o n s i d e r i n g  t h e  c o r r e s p o n d i n g  v a l u e s  
o f  HbA^c and f a s t i n g  p lasma g l u c o s e  i n  d i a b e t i c s ,  i t  seems v e r y  
l i k e l y  t h a t  mos t  o f  t h e  p a t i e n t s  w ere  i n  r e m i s s i o n  phase  o f  t h e  
d i s e a s e  d u r i n g  t h e  f i r s t  1 2 - 2 4  m o n t h s ,  w h i c h  m i g h t  e x p l a i n  t h e  
good r e s u l t s .
I n  t h e  p r e s e n t  s t u d y  t h e  mean l e v e l s  o f  a p o l i p o p r o t e i n  A - I  
were  s i g n i f i c a n t l y  h i g h e r  i n  a l l  d i a b e t i c  s u b g r o u p s  com pa re d  t o  
t h e  c o n t r o l s  ( T a b l e  I I  and F i g .  1 ) .  T h i s  i s  i n  a g re e m e n t  w i t h  
t h e  r e p o r t  o f  Ewald  e t  a l .  / 1 /  and w i t h  s e v e r a l  s t u d i e s  c a r r i e d  
o u t  i n  a d u l t  d i a b e t i c s .
A l t h o u g h  no g r o s s  a b n o r m a l i t i e s  were  o b s e r v e d  i n  t h e  mean 
l e v e l s  o f  l i p i d s  and l i p o p r o t e i n s  i n  ou r  d i a b e t i c  c h i l d r e n ,  t h e  
i n t e r r e l a t i o n s h i p s  be tween t h e s e  p a r a m e t e r s  were  a l t e r e d  ( T a b l e  
I I I ) .  Changes  i n  t h e  c o r r e l a t i o n  b e tw e e n  serum f r u c t o s a m i n e  and 
a p o l i p o p r o t e i n  В a n d / o r  t r i g l y c e r i d e ,  as w e l l  as b e t w e e n
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c h o l e s t e r o l  and t r i g l y c e r i d e ,  i n d i c a t e  t h a t  g l y c é m i e  c o n t r o l  i s  
p a r t i c u l a r l y  i m p o r t a n t  f o r  i m p r o v i n g  l i p i d  t r a n s p o r t  and i n  
t h i s  way r e d u c e s  t h e  r i s k  f o r  a t h e r o g e n e s i s  i n  c h i l d h o o d  IDÜM. 
The r e s u l t s  o f  o u r  s t u d y  a r e  i n  a c c o r d a n c e  w i t h  t h e  o b s e r v a t i o n  
t h a t  serum t r i g l y c e r i d e  c o n c e n t r a t i o n s  a r e  commonly s u b n o r m a l  
i n  Type 1 d i a b e t i c  p a t i e n t s  w i t h  good  g l y c a e m i c  c o n t r o l  due t o  
d e c r e a s e d  t r a n s p o r t  r a t e s  o f  VLDL p a r t i c l e s  / 5 / .
I t  has been  r e p o r t e d  r e c e n t l y  t h a t  a s u b s t a n t i a l  s h i f t  t o  
t h e  r i g h t  o f  t h e  f r e q u e n c y  d i s t r i b u t i o n  f o r  a p o l i p o p r o t e i n  В 
v a l u e s  has been  f o u n d  i n  p a t i e n t s  w i t h  documented  m y o c a r d i a l  
i n f a r c t i o n  b e f o r e  t h e  age o f  60 / 7 / .  I n  o u r  s t u d y  t h e  f r e q u e n c y  
d i s t r i b u t i o n  f o r  t h e  c o n c e n t r a t i o n  o f  a p o l i p o p r o t e i n  В was 
s i m i l a r  i n  d i a b e t i c  and i n  h e a l t h y  c h i l d r e n  ( F i g .  2 ) .
I n  c o n c l u s i o n ,  ou r  d a t a  s u g g e s t  a c l o s e  r e l a t i o n s h i p  
b e tw e e n  g l y c a e m i c  c o n t r o l  and l i p i d  p a r a m e t e r s  i n  d i a b e t i c  
c h i l d r e n  and a d o l e s c e n t s  w i t h  a d i a b e t e s  d u r a t i o n  o f  more t h a n  
5 y e a r s ,  t h e r e f o r e  i m p ro v e d  m e t a b o l i c  c o n t r o l  seems t o  be 
c r u c i a l  i n  t h e s e  p a t i e n t s  i n  t h e  p r e v e n t i o n  o f  e i t h e r  l a t e  
v a s c u l a r  c o m p l i c a t i o n s  o r a c c e l e r a t e d  a t h e r o s c l e r o s i s .
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THE TOTAL FREE-RADICAL TRAPPING A B I L I T Y  OF BLOOD PLASMA IN  
CHILDREN WITH ASTHMA AND ALLERGIC R H I N I T I S
A. JENDRYCZKO1 , 3.  GRUSZCZYÚSK12 , G. SZPYRKA2
- ' -Depar tment  o f  Drug  C h e m i s t r y ,  S i l e s i a n  S c h o o l  o f  M e d i c i n e ,  
S o s n o w i e c ,  ^ D e p a r t m e n t  o f  P e d i a t r i c s ,  S i l e s i a n  S c h o o l  o f  
M e d i c i n e ,  C ho rz ów,  P o l a n d
R e c e i v e d  2 O c t o b e r  1992
The i n t e r a c t i o n  be tw een v a r i o u s  a n t i o x i d a n t s  may be 
i m p o r t a n t  i n  p r o t e c t i n g  a g a i n s t  oxygen  t o x i c i t y .  We 
s t u d i e d  t h e  t o t a l  r a d i c a l  t r a p p i n g  c a p a c i t y  o f  t h e  
a n t i o x i d a n t s  i n  p l asma  (TRAP) and compared  t h e  TRAP 
l e v e l s  i n  33 c h i l d r e n  w i t h  a l l e r g i c  r h i n i t i s ,  30 
a s y m p t o m a t i c  a s t h m a t i c  c h i l d r e n  and 20 c h i l d r e n  w i t h  
a c u t e  a s t h m a t i c  a t t a c k s .  The l a t t e r  were a l s o  s t u d i e d  
i n  t h e i r  a s y m p t o m a t i c  p h a s e .  Two c o n t r o l  g r o u p s  o f  26 
c h i l d r e n  w i t h  m i n o r  a n a t o m i c a l  d e f e c t s  and 10 c h i l d r e n  
w i t h  a c u t e  pneumo n ia  w i t h  r e s p i r a t o r y  d i s t r e s s  were 
a l s o  s t u d i e d .  I n  a d d i t i o n ,  t h e  c o n c e n t r a t i o n s  o f  
v a r i o u s  known a n t i o x i d a n t s  were  measur ed  and t h e  
t h e o r e t i c a l  c o n t r i b u t i o n  o f  t h e s e  a n t i o x i d a n t s  t o  t h e  
TRAP c a l c u l a t e d .  The measured  and c a l c u l a t e d  TRAP were  
h i g h e r  i n  t h e  b o t h  c o n t r o l  g r o u p s  t h a n  i n  g r o u p s  o f  
c h i l d r e n  w i t h  a l l e r g i c  r h i n i t i s  and a s th m a .  The u r i c  
a c i d ,  v i t a m i n s  E and C and s u l p h i d e  c o n c e n t r a t i o n s  were 
l o w e r  i n  t h e  p a t i e n t s  g r o u p  comp ar ed  w i t h  c o n t r o l  o n e s .  
The ma in  c o n c l u s i o n  f r o m  t h i s  w o rk  i s  t h a t  f o r  c h i l d r e n  
w i t h  as thma and a l l e r g i c  r h i n i t i s  i n  t h e  r e g i o n  o f  
S i l e s i a  P o l a n d  s t u d i e d ,  t h e  e s s e n t i a l  n u t r i e n t s  
c o n c e n t r a t i o n s :  v i t a m i n  E, v i t a m i n  C, and c y s t e i n e - r i c h  
p r o t e i n  i n  p l asma  a r e  t o o  l o w  f o r  o p t i m a l  a n t i o x i d a n t  
s y s te m s  a c t i v i t i e s .
INTRODUCTION
I n  r e c e n t  y e a r s  oxy gen  f r e e  r a d i c a l s  and t h e i r  p o s s i b l e  
r o l e  i n  t h e  p a t h o g e n e s i s  and c o m p l i c a t i o n s  o f  a l l e r g i c  d i s e a s e s
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h a s  r e c e i v e d  i n c r e a s i n g  a t t e n t i o n  / 2 ,  3,  1 2 / .  A l t h o u g h  h i g h l y  
r e a c t i v e  oxygen  r a d i c a l s  r e s u l t  f r o m  n o r m a l  m e t a b o l i s m ,  
e f f i c i e n t  endogenous  e n z y m a t i c  and n o n - e n z y m a t i c  s y s t e m s  o f  
r e m o v a l  n o r m a l l y  p r e v e n t  i n j u r y .  The t o t a l  a n t i o x i d a n t  c a p a c i t y  
i n  man i s  d e p e n d e n t  on t h e  s y n e r g i s t i c  a c t i o n  o f  v a r i o u s  
a n t i o x i d a n t s ,  e . g .  enzymes such  as g l u t a t h i o n e  p e r o x i d a s e  and 
a g e n t s  such as v i t a m i n  E and C and u r i c  a c i d  / 6 , 2 5 / .  F re e  
r a d i c a l  o x i d a t i o n  p r o d u c t s  a r e  s i g n i f i c a n t l y  h i g h e r  i n  a i r s p a c e  
c e l l s  and b l o o d  o f  p a t i e n t s  w i t h  as thma / 3 ,  4 ,  1 9 / .  T h i s  
p o t e n t i a l l y  i m p o r t a n t  i n t e r a c t i o n  be tw een t h e  v a r i o u s  
a n t i o x i d a n t s  has n o t  been  e x p l o r e d  i n  c h i l d r e n  w i t h  b r o n c h i a l  
a s t h m a  and w i t h  a l l e r g i c  r h i n i t i s .  I n  t h e s e  p a t i e n t s  t h e  
p r o t e c t i v e  r o l e  o f  t h e s e  a n t i o x i d a n t s  and t h e i r  p o s s i b l e  
i n t e r a c t i o n s  s h o u l d  a l s o  be c o n s i d e r e d .  T h i s  h y p o t h e s i s  i s  
r e i n f o r c e d  by t h e  k n o w l e d g e  t h a t  f r e e - r a d i c a l  o x i d a t i o n  
p r o d u c t s  have mark ed  e f f e c t s  on immune s y s te m  / 1 1 ,  1 2 / .  We 
t h e r e f o r e  s t u d i e d  t h e  c o n c e n t r a t i o n  o f  v a r i o u s  p l asma 
a n t i o x i d a n t s  and t h e  t o t a l  f r e e  r a d i c a l  t r a p p i n g  a c t i v i t y  o f  
b l o o d  p lasma (TRAP) i n  c h i l d r e n  s u f f e r i n g  f r o m  b r o n c h i a l  as thma 
and  a l l e r g i c  r h i n i t i s  t o  d e t e r m i n e  i f  t h e  changes  r e p o r t e d  i n  
a d u l t s  / 3 ,  4 /  a l s o  o c c u r r e d  i n  c h i l d r e n .
MATERIAL AND METHODS
P a t i e n t s  and c o n t r o l s
E i g h t y - t h r e e  c h i l d r e n  aged 3 - 5  y e a r s  (mean age 4 . 8  y e a r s )  
a t t e n d i n g  t h e  I V .  C l i n i c  o f  P e d i a t r i c s ,  K a t o w i c e ,  P o l a n d ,  were 
e n r o l l e d  p r o s p e c t i v e l y  i n t o  t h e  s t u d y  a f t e r  o b t a i n i n g  i n f o r m e d  
p a r e n t a l  c o n s e n t .  The s t u d y  g r o u p  was s u b d i v i d e d  i n t o  t h r e e  
g r o u p s :
G ro up  A: T h i r t y - t h r e e  c h i l d r e n  w i t h  a l l e r g i c  r h i n i t i s  were 
i n c l u d e d  i n  t h i s  g r o u p .  A l l e r g i c  r h i n i t i s  was d i a g n o s e d  i f  
p a t i e n t s  had a l l  o r  any  o f  t h e  symptoms o f  r e c u r r e n t  p a r o x y s m a l  
s n e e z i n g ,  w a t e r y  n a s a l  d i s c h a r g e ,  n a s a l  o b s t r u c t i o n ,  p o s t - n a s a l  
d i s c h a r g e  and n a s a l  e o s i n o p h i l i a . C h i l d r e n  r e c e i v i n g  n a s a l  
m e d i c a t i o n  o r  t h o s e  w i t h  c l i n i c a l  o r  r a d i o l o g i c a l  s i g n s  o f  
c h r o n i c  s i n u s  i n f e c t i o n  w e re  e x c l u d e d .
G r o u p  B: T h i s  g r o u p  c o m p r i s e d  30 c h i l d r e n  who had as th m a o f  
a t  l e a s t  two y e a r s  d u r a t i o n ,  d i a g n o s e d  by a p h y s i c i a n .  A c h i l d  
was c o n s i d e r e d  t o  have  b r o n c h i a l  as thma i f  he had a h i s t o r y  o f
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r e c u r r e n t  e p i s o d e s  o f  b r o n c h o s p a s m  r e l i e v e d  by b r o n c h o d i l a t o r s . 
A f a m i l y  h i s t o r y  o f  a t o p y  o r  b r o n c h i a l  asthma was c o n s i d e r e d  
s u p p o r t i v e .  B lo o d  s a m p l e s  w ere  o b t a i n e d  d u r i n g  t h e  a s y m p t o m a t i c  
phase  o f  t h e  i l l n e s s .
Grou p  C: Twen ty  c h i l d r e n  a d m i t t e d  w i t h  a c u t e  as th m a  were  
s t u d i e d  b e f o r e  s y s t e m i c  d r u g s ,  i n c l u d i n g  i v .  c o r t i c o s t e r o i d s  
were  s t a r t e d  С С д ) and two  weeks a f t e r  t h e y  had become 
a s y m p t o m a t i c  and s t o p p e d  s t e r o i d  t h e r a p y  ( C o ) .
C o n t r o l  g r o u p s :  t w e n t y - s i x  c h i l d r e n  w i t h o u t  any symptoms o r  
s i g n s  o f  a t o p y  o r  f a m i l y  h i s t o r y  o f  a l l e r g i c  d i s e a s e ,  i s c h a e m i c  
h e a r t  d i s e a s e ,  o r  h y p e r t e n s i o n  were  i n c l u d e d  i n  t h e  c o n t r o l  
g r o u p s .  C o n t r o l - 1  g r o u p  c o m p r i s e d  16 c h i l d r e n  w i t h  m i n o r  
a n a t o m i c a l  d e f e c t s  r e q u i r i n g  c o r r e c t i v e  s u r g e r y .  These  c h i l d r e n  
were  n o r m a l  on a n t h r o p o m e t r y  and p h y s i c a l  e x a m i n a t i o n  e x c e p t  
f o r  t h e  m i n o r  d e f o r m i t y .  B l o o d  s a m p l e s  were  o b t a i n e d  p r i o r  t o  
s u r g e r y .  C o n t r o l - 2  g r o u p  c o m p r i s e d  10 c h i l d r e n  w i t h  a c u t e  
p n e u m on ia  i n  r e s p i r a t o r y  d i s t r e s s .
C h i l d r e n  s u f f e r i n g  f r o m  m a l n u t r i t i o n  h y p e r t e n s i o n ,  l i v e r  
d i s e a s e  o r  p r o l o n g e d  s e v e r e  i l l n e s s  were e x c l u d e d .  C h i l d r e n  
f a s t i n g  f o r  more t h a n  24 h o u r s  o r  r e c e i v i n g  c o r t i c o s t e r o i d  
t h e r a p y  were  a l s o  e x c l u d e d .  A l l  c h i l d r e n  b e l o n g e d  t o  a 
g e o g r a p h i c  a re a  w i t h i n  a few  k i l o m e t e r s  o f  t h e  c i t y  o f  C h o rz o w .
A d e t a i l e d  c l i n i c a l  h i s t o r y  was o b t a i n e d  w i t h  r e g a r d  t o  
f a m i l y  h i s t o r y  o f  a l l e r g i c  d i s e a s e ,  h y p e r l i p i d e m i a s  and 
i s h c e m i c  h e a r t  d i s e a s e .  Each c h i l d  u n d e r w e n t  a d e t a i l e d  
p h y s i c a l  e x a m i n a t i o n  w i t h  s p e c i a l  e m p h a s i s  on t h e  r e s p i r a t o r y  
s y s t e m .  C h i l d r e n  i n  g r o u p s  В, C and c o n t r o l - 2  u n d e r w e n t  X - r a y  
e x a m i n a t i o n .  O t h e r  i n v e s t i g a t i o n s  i n c l u d i n g  c o m p l e t e  b l o o d  
c o u n t  and n a s a l  smear f o r  e o s i n o p h i l s  were p e r f o r m e d  where  
r e l e v a n t .  The c h i l d r e n  were  n o t  t a k i n g  m e d i c a t i o n  known t o  
a f f e c t  p la s m a  a n t i o x i d a n t s .
The age d i s t r i b u t i o n  o f  t h e  s u b j e c t s  was s i m i l a r  i n  a l l  
g r o u p s .  A l l  g r o u p s  i n c l u d e d  p r e d o m i n a n t l y  ma le s u b j e c t s  w i t h  
o n l y  23.4% o f  t h e  s t u d y  g r o u p s  and 23.4% o f  t h e  c o n t r o l  g r o u p s  
b e i n g  g i r l s .  67.5% o f  t h e  c h i l d r e n  i n  t h e  s t u d y  g r o u p s  had a 
f a m i l y  h i s t o r y  o f  a l l e r g i c  d i s e a s e .  Two p a t i e n t s  i n  g r o u p  A and 
one p a t i e n t  i n  g r o u p  В had a f a m i l y  h i s t o r y  o f  s y m p t o m a t i c  
i s c h a e m i c  h e a r t  d i s e a s e .  One c h i l d  i n  g r o u p  C and two  c h i l d r e n  
i n  g r o u p  В had a f a m i l y  h i s t o r y  o f  h y p e r t e n s i o n .
B i o c h e m i c a l  d e t e r m i n a t i o n s
Venous  b l o o d  (5  m l )  was c o l l e c t e d  i n t o  a s t e r i l e  v i a l  f r o m  
each  c h i l d .  Serum was s e p a r a t e d  a f t e r  c l o t t e d  b l o o d  was 
c e n t r i f u g e d  a t  3000 rpm f o r  5 m i n .  Serum was s e p a r a t e d ,  t h e  
v i a l s  co ded  and s t o r e d  a t  - 2 0  °C u n t i l  a n a l y s i s ,  w h i c h  was 
p e r f o r m e d  w i t h i n  a week o f  t h e  s a m p l i n g .
P lasma a n t i o x i d a n t s ,  u r i c  a c i d  and t o t a l  b i l i r u b i n  were 
m easu re d  on a SMA I  a u t o m a t i c  a n a l y s e r  ( T e c h n i c o n  I n s t r u m e n t s )  
by t h e  m a n u f a c t u r e r ' s  m e t h o d s  / 8 , 1 6 / .  V i t a m i n  E ( a l p h a -  
t o c o p h e r o l )  and t o t a l  v i t a m i n  C c o n c e n t r a t i o n s  were  m e a s u r e d  by 
HPLC met hod  / 1 8 ,  2 1 / .  The p la sm a  s u l p h i d e s  ( - S H )  and 
d i s u l p h i d e s  ( - S S - )  c o n c e n t r a t i o n  were  measured by t h e  E l l m a n ' s  
meth od  / 5 /  as a d a p t e d  by K o s t e r  e t  a l .  / 1 3 / .
M e a su r em en t  o f  t o t a l  a n t i o x i d a n t  c a p a c i t y  (TRAP) / 2 4 / .  The
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p e r o x i d a t i o n  o f  l i n o l e i c  a c i d  was i n d u c e d  by a w a t e r  s o l u b l e  
t h e r m o l a b i l e  f r e e  — r a d i  c a l  i n i t i a t o r  ( 2 , 2  ' - a z o - b i s - ( 2 -  
a m i d i n o p r o p a n e ) - H C 1 . P e r o x i d a t i o n  was i n i t i a l l y  i n h i b i t e d  
( i n d u c t i o n  p h a s e )  by  th e  p la sm a  a n t i o x i d a n t s  and t h e n  
p r o g r e s s e d  r a p i d l y  ( p r o p a g a t i o n  p h a s e ) .  The d u r a t i o n  o f  t h e  
i n d u c t i o n  phase  ( a n  i n d e x  o f  t h e  t o t a l  r a d i c a l  t r a p p i n g  
c a p a c i t y  o f  t h e  p l a s m a )  was q u a n t i f i e d  u s i n g  t h e  d u r a t i o n  o f  
t h e  i n d u c t i o n  p h a s e  p ro d u c e d  by a known q u a n t i t y  o f  an 
a n t i o x i d a n t  w i t h  a known s t o i c h i o m e t r i c  f a c t o r .  T h i s  v a l u e  
( m c m o l / 1 ) was t h e  m easu re d  t o t a l  r a d i c a l  t r a p p i n g  c a p a c i t y  
(TRAPmeas) .  I n  a d d i t i o n  t o  th e  d i r e c t  me asu re m en t  o f  t h e  t o t a l  
r a d i c a l  t r a p p i n g  c a p a c i t y  (TRAP) t h i s  p a r a m e t e r  was a l s o  
c a l c u l a t e d  s t o i c h i o m e t r i c a l l y  ( T R A P c a l c ) .  C a l c u l a t e d  t o t a l  
c a p a c i t y  o f  a n t i o x i d a n t s  ( u r i c  a c i d ,  v i t a m i n  C, v i t a m i n  E, and 
s u l p h y d r y l  g r o u p s )  t o  t r a p  f r e e  r a d i c a l s  ( T R A P c a l c ) ,  was 
d e r i v e d  f rom c o n c e n t r a t i o n s  and t h e  s t o i c h i o m e t r i c  f a c t o r s  (a n  
i n d e x  o f  t h e  e f f i c i e n c y  o f  each a n t i o x i d a n t  t o  t r a p  f r e e  
r a d i c a l s )  by t h e  f o r m u l a  o f  Wayner e t  a l  / 2 4 / :
TRAPcalc  = 1 . 3  ( u r i c  a c i d )  + 1 . 7  ( v i t  C) + 2 ( v i t  E) 
+ 0 .2  ( t o t a l  p l a s m a  s u l p h i d e s )  + 2 ( b i l i r u b i n )
A l t h o u g h  t h e s e  a n t i o x i d a n t s  a re  c o n s i d e r e d  t o  be t h e  m a j o r  
p l a s m a  a n t i o x i d a n t s ,  o t h e r  compounds may a l s o  c o n t r i b u t e  t o  
TRAP. These u n i d e n t i f i e d  a n t i o x i d a n t s  (U N ID )  were c a l c u l a t e d  
a c c o r d i n g  t o  t h e  f o r m u l a  / 22 / :
UNID = TRAPmeas -  TRA Pca lc
T h i o b a r b i t u r i c  a c i d  r e a c t i v e  s u b s t a n c e s  (TBARS) i n  t h e  
p l a s m a  were d e t e r m i n e d  as an i n d e x  o f  l i p i d  p e r o x i d a t i o n .  A 
s p e c t r o f l u o r i m e t r i c  m e t h o d  o f  Yag i  was used  / 2 6 / .
S t a t i s t i c s .  The d i f f e r e n c e s  b e tw e e n  t h e  r e s u l t s  i n  t h e  two 
g r o u p s  were t e s t e d  by  ANOVA. When s i g n i f i c a n t ,  p a i r - w i s e  
c o m p a r i s o n s  were  c a r r i e d  o u t  u s i n g  t h e  i n d e p e n d e n t  t - t e s t .  
V a l u e s  o f  p< 0 .0 5  w ere  r e g a r d e d  as s i g n i f i c a n t .
The s t u d y  was r e v i e w e d  and a p p r o v e d  by an i n s t i t u t i o n a l  
c o m m i t t e e  and an e t h i c s  c o m m i t t e e .
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RESULTS
T a b l e  I  shows t h e  p la sm a c o n c e n t r a t i o n s  o f  t h e  v a r i o u s  
a n t i o x i d a n t s .  C o n c e n t r a t i o n s  o f  t h e  u r i c  a c i d ,  v i t a m i n  E, 
v i t a m i n  C, and s u l p h i d e s  were  s i g n i f i c a n t l y  l o w e r  i n  c h i l d r e n  
w i t h  a l l e r g i c  r h i n i t i s  and i n  c h i l d r e n  w i t h  asthma com pa re d  t o  
c o n t r o l  s u b j e c t s .  I n  g r o u p  o f  c h i l d r e n  w i t h  a c u t e  a s th m a  
c o n c e n t r a t i o n  o f  t h e  u r i c  a c i d ,  v i t a m i n  E, and s u l p h i d e s  w e re  
s i g n i f i c a n t l y  l o w e r  when c h i l d r e n  had an e p i s o d e  o f  a c u t e  
as thma ( Сд) th a n  when t h e y  were a s y m p t o m a t i c  (Cg) .  D i s u l p h i d e s  
a r e  n o t  d e t e c t a b l e  i n  c o n t r o l s .  T h e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  be tween c o n c e n t r a t i o n s  o f  u r i c  a c i d ,  v i t a m i n  E, 
v i t a m i n  C, and s u l p h i d e s  i n  g r o u p  В and i n  g r o u p  C g . No 
s i g n i f i c a n t  d i f f e r e n c e s  were  n o t e d  i n  t h e  c o n c e n t r a t i o n s  o f  
u r i c  a c i d ,  v i t a m i n s  E and C, and s u l p h i d e s  i n  t h e  two  c o n t r o l  
g r o u p s .
The TRAPmeas and TRA Pca lc  v a l u e s  were  h i g h e r  i n  t h e  c o n t r o l  
c h i l d r e n s  th a n  i n  t h e  c h i l d r e n  i n  g r o u p s  A -  C ( T a b l e  I I ) .  The 
TBARS l e v e l s  were h i g h e r  i n  p l asma  o f  c h i l d r e n  i n  g r o u p s  A -  C. 
I n  g r o u p  C, TBAR l e v e l s  were  s i g n i f i c a n t l y  h i g h e r  when t h e  
c h i l d r e n  had an e p i s o d e  o f  a c u t e  as th m a ( Сд) th a n  when t h e y  
were  a s y m p t o m a t i c  ( Cg ) .
T a b l e  I I I  shows t h e  c o r r e l a t i o n  o f  TRAPmeas d a t a  w i t h  t h o s e  
o f  TRA Pca lc  and t h e  c a l c u l a t e d  t r a p p i n g  c a p a c i t y  o f  t h e  
i n d i v i d u a l  a n t i o x i d a n t s .  I n  b o t h  c o n t r o l  g r o u p s  u n l i k e  t h e  A -  
C g r o u p s  t h e  TRAPmeas v a l u e s  c o r r e l a t e d  w i t h  t h e  TR APca lc  and 
u r i c  a c i d .  There  was a weak c o r r e l a t i o n  be tw e e n  TRAPmeas v a l u e s  
and v i t a m i n  E i n  t h e  c h i l d r e n  i n  A -  C and c o n t r o l  g r o u p s ,  and 
s t r o n g  c o r r e l a t i o n  b e tw e e n  TRAPmeas d a t a  and t o t a l  b i l i r u b i n  i n  
a l l  g r o u p s .  The UNID i n  a l l  g r o u p s  c o r r e l a t e d  w i t h  TRAP meas 
v a l u e s .
DISCUSSION
T h i o b a r b i t u r i c  a c i d  r e a c t i v e  s u b s t a n c e s  i n  p l a s m a  o f  
c h i l d r e n  w i t h  as thma and a l l e r g i c  r h i n i t i s  were  h i g h e r  t h a n  i n
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TABLE I
P l asma c o n c e n t r a t i o n s  o f  a n t i o x i d a n t s  i n  g r o u p s  o f  c h i l d r e n  
w i t h  a l l e r g i c  r h i n i t i s  ( A)j  w i t h  a s t h m a  ( B ) ,  w i t h  a c u t e  as t hma 
b e f o r e  ( Сд) ,  and a f t e r  t h e r a p y  ( Cß ) and i n  two c o n t r o l  g r o u p s
Gr oup
A В Сд Cg C o n t r o l  I C o n t r o l  I I
U r i c  a c i d ( m c m o l / 1 )
2 2 4 . 7 a 2 0 2 . 6 b 1 5 6 . 4C 1 7 8 . 5b 2 7 5 . 0 е 2 6 5 . 4 e
( 1 1 . 8 ) ( 1 0 . 6 ) ( 9 . 8 ) ( 1 0 . 5 ) ( 1 2 . 7 ) ( 1 8 . 6 )
S u l p h i d e s ( m c m o l / 1 )
243 . Oa 2 2 6 . 0 a 1 6 5 . 8b 1 8 9 . 8 b 4 2 9 . 0 е 3 9 8 . 7 e
( 1 2 . 9 ) ( 2 3 . 1 ) ( 1 4 . 6 ) ( 1 1 . 0 ) ( 2 1 . 8 ) ( 3 3 . 7 )
D i s u l p h i d e s ( m c m o l / 1 )
8 7 . 5 7 7 . 3 70 . 6 6 4 . 8 ND ND
( 5 . 9 ) ( 6 . 3 ) ( 9 . 7 ) ( 4 . 1 )
V i t a m i n E ( m c m o l / 1 )
4 6 . 5a 4 1 . 9 a
-QОC
D
Csl 3 5 . 7 a СО CD О C
L
CO ON CD C
L
( 2 . 8 ) ( 4 . 3 ) ( 4 . 1 ) ( 6 . 2 ) ( 8 . 2 ) ( 4 . 7 )
V i t a m i n C ( m c m o l / 1 )
6 7 . 3a 5 6 . 8b 4 5 . 9C 4 2 . 8 C 1 2 1 . 8d 1 1 6 . 8d
( 3 . 8 ) ( 4 . 7 ) ( 6 . 1 ) ( 3 . 8 ) ( 1 2 . 9 ) ( 1 3 . 6 )
T o t a l  b i l i r u b i n  ( m c m o l / 1 )
3 5 . 7 3 4 . 8 29 . 6 3 2 . 1 33 . 6 3 2 . 9
( 2 . 8 ) ( 2 . 4 ) ( 1 . 9 ) ( 4 . 4 ) ( 3 . 8 ) ( 5 . 1 )
ND -  n o t  d e t e c t a b l e
S t a t i s t i c a l  s i g n i f i c a n c e :
a -  b ,  b -  c ,  and c -  d : p < 0 . 0 5
a - e : p < 0 . 0 2
a - c  : p < 0 . 0 1
a -  d ,  and c -  e : p < 0 , 005
V a l u e s  a r e  means and ( S□ ) under  e ac h  mean
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TABLE I I
The m easur ed  t o t a l  r a d i c a l  t r a p p i n g  a n t i o x i d a n t  p a r a m e t e r  
(TRAPmeas) ,  t h e  c a l c u l a t e d  t o t a l  r a d i c a l  t r a p p i n g  a n t i o x i d a n t  
p a r a m e t e r  ( T R A P c a l c ) ,  t h e  u n i d e n t i f i e d  a n t i o x i d a n t  ( U N I D )  and 
t h e  c o n c e n t r a t i o n  o f  s u b s t a n c e s  r e a c t i v e  w i t h  t h i o b a r b i t u r i c  
a c i d  (TBARS) i n  g r o u p s  o f  c h i l d r e n  w i t h  a l l e r g i c  r h i n i t i s  (A )  
w i t h  as th m a ( B ) ,  w i t h  a c u t e  as thma b e f o r e  ( С д ) ,  and a f t e r  
t h e r a p y  (C g )  and i n  two  c o n t r o l  g ro ups
A В c A
Group
c 0 C o n t r o l  I C o n t r o l  I I
TRAPca lc  ( m c m o l / 1 )
6 1 9 . 5 5 6 9 . 5 4 7 8 . 7 4 2 9 . 5 8 9 3 .6 8 6 2 . 7 4
( 3 4 . 8 ) ( 4 5 . 7 ) ( 3 4 . 0 ) ( 2 3 . 8 ) ( 5 6 . 2 ) ( 7 3 . 4 )
TRAPmeas ( m c m o l / 1 )
7 5 6 . 0a 6 6 7 , 4 a 5 2 5 . l b 5 0 1 . 0 b 98 0 .4 9 0 0 . 4
( 1 3 . 0 ) ( 2 4 . 1 ) ( 2 4 . 9 ) ( 3 1 . 0 ) ( 2 4 . 8 ) ( 3 1 . 7 )
TBARS ( m c m o l / 1  )
1 3 5 . 0 6 b 1 6 7 . 3b 2 2 1 . 7 C 1 9 0 , 7 C 6 7 .4 7 7 .8
( 2 1 . 8 ) ( 2 3 . 1 ) ( 1 4 . 6 ) ( 1 1 . 7 ) ( 1 1 . 9 ) ( 9 . 5 )
V a l u e s  a r e  means and (SD) u n d e r  each  mean
S t a t i s t i c a l  s i g n i f i c a n c e  f r o m  b o t h  c o n t r o l  g r o u p s :  
a : p < 0 .05 
b :  p < 0 .005  
c :  p< 0 .002
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TABLE I I I
C o r r e l a t i o n s  o f  TRAPmeas and t h e  c a l c u l a t e d  t r a p p i n g  c a p a c i t y  
o f  t h e  i n d i v i d u a l  a n t i o x i d a n t s  w i t h  TRAPmeas i n  g r o u p s  o f  
c h i l d r e n  w i t h  a l l e r g i c  r h i n i t i s  ( A )  w i t h  asthma ( B ) ,  w i t h  a c u t e  
as t hm a  b e f o r e  ( С д ) ,  and a f t e r  t h e r a p y  (Cg )  and i n  two  c o n t r o l
g r o u p s
A В
Group
CB C o n t r o l  I C o n t r o l  I I
TRAPcalc
0 . 6 7 8 8 0 .4 5 5 8 0 . 7 4 3 8 0 . 6 7 7 3 0 .8 6 5 6 0 . 8 4 5 5
U r i c  a c i d
0 . 8 5 5 4 0 .5 7 6 8 0 . 7 8 6 5 0 . 8 6 5 7 0 .7 8 8 5 0 . 8 9 4 4
S u l p h i d e s
0 . 3 2 8 0 NS 0 . 6 4 4 3 0 . 6 7 3 4 0 . 6 7 4 5 0 . 7 8 4 3
D i s u l p h i d e s
0 . 6 5 5 6 0 .6 7 4 4 0 . 8 6 6 5 0 . 5 6 7 3 ND ND
V i t a m i n  E
0 . 5 4 6 6 0 .5 6 2 0 0 . 4 5 4 6 0 . 5 3 4 5 0 . 6 3 7 8 0 . 5 7 4 8
V i t a m i n  C
0 . 2 0 6 0 - 0 . 1 9 8 0 NS 0 .4 5 2 3 0 .4 5 2 1 0 . 3 4 2 8
T o t a l b i l i r u b i n
0 . 7 8 4 4 0 .8 5 6 2 0 . 6 7 8 4 0 . 7 8 4 5 0 . 7 8 4 5 0 . 8 5 3 1
UNIDa
0 . 8 0 5 5 0 .8 064 0 . 8 7 6 3 0 .8 9 5 6 0 . 7 4 6 1 0 . 7 8 3 0
ND -  n o t  d e t e r m i n e d
NS -  n o t  s i g n i f i c a n t
a -  u n i d e n t i f i e d  a n t i o x i d a n t s
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c o n t r o l s  s u g g e s t i n g  i n c r e a s e d  l i p i d  p e r o x i d a t i o n .  
C o n c e n t r a t i o n s  o f  t h e s e  s u b s t a n c e s  r e f l e c t  t h e  e x t e n t  o f  l i p i d  
p e r o x i d a t i o n  b u t  a r e  c r u d e  measure and s u b j e c t  t o  i n t e r f e r e n c e  
by many f a c t o r s  / 1 0 / .  The f i n d i n g  o f  l o w e r  p lasma v i t a m i n  C and 
E l e v e l s  i n  c h i l d r e n  w i t h  asthma and a l l e r g i c  r h i n i t i s  i s  
c o n s i s t e n t  w i t h  t h e  p e r o x i d a t i o n  o f  l i p i d s .  V i t a m i n  C i s  t h e  
f i r s t  p la sm a  a n t i o x i d a n t  t o  be d e p l e t e d  when l i p i d  p e r o x i d a t i o n  
i s  i n d u c e d  i n  v i t r o  / 7 / .  S u l p h i d e s ,  m a i n l y  g l u t a t h i o n e ,  a r e  a 
u b i q u i t o u s ,  l a r g e l y  i n t r a c e l l u l a r  a n t i o x i d a n t  t h a t  i s  b e l i e v e d  
t o  p l a y  a key r o l e  i n  t h e  d e f e n c e  a g a i n s t  o x y g e n - d e r i v e d  f r e e  
r a d i c a l s  / 2 4 / .  I n  t h e  p r e s e n c e  o f  oxygen  r a d i c a l s ,  r e d u c e d  
s u l p h i d e s  a re  o x i d i z e d  t o  d i s u l p h i d e s .  D i s u l p h i d e s  a r e  n o t  
d e t e c t a b l e  i n  n o r m a l  human p lasma / 1 / .  I t  has been s u g g e s t e d  
t h a t  c e l l s  t r a n s p o r t  d i s u l p h i d e s  i n t o  t h e  e x t r a c e l l u l a r  
c o m p a r t m e n t  t o  keep  t h e  i n t r a c e l l u l a r  c o n c e n t r a t i o n s  o f  
s u l p h i d e s  and d i s u l p h i d e s  r o u g h l y  c o n s t a n t  / 9 / .  T h u s ,  t h e  
p la s m a  d e t e r m i n a t i o n s  o f  d i s u l p h i d e s  may r e p r e s e n t  a s e n s i t i v e  
means o f  m e a s u r in g  o x i d a n t  s t r e s s .
The v a l u e s  o f  t h e  TRAPca lc  were c o n s i d e r a b l y  l o w e r  t h a n  t h e  
TRAPmeas i n  a l l  t h e  g r o u p s .  Two p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  
f i n d i n g  a r e :  e i t h e r  a l l  t h e  p lasma a n t i o x i d a n t s  have  n o t  been 
i d e n t i f i e d  o r  t h e  s t o i c h i o m e t r i c  v a l u e s  used  t o  c a l c u l a t e  t h e i r  
f r e e -  r a d i c a l  t r a p p i n g  c a p a c i t y  a r e  t o o  l o w .  R e c e n t l y  b i l i r u b i n  
has been r e c o g n i z e d  as b e i n g  an i m p o r t a n t  a n t i o x i d a n t  i n  
c h i l d r e n ' s  body / 1 5 ,  2 0 / .  H owe ve r ,  t h e  p l asma p r o t e i n s  a re  
p r e s e n t  i n  h i g h  c o n c e n t r a t i o n s  and o n l y  t h e i r  s u l p h i d e  g r o u p s  
a r e  used  i n  t h e  f o r m u l a  e s t i m a t i n g  t h e  TRAPca lc  / 1 5 ,  2 4 / ;  t h e  
o t h e r  a m i n o a c i d s  as t r y p t o p h a n ,  t y r o s i n e  and h i s t i d i n e  can  a l s o  
a c t  as a n t i o x i d a n t s  / 2 4 / .  The o t h e r  e x p l a n a t i o n  f o r  t h e  l o w e r  
TRA Pca lc  i s  t h a t  t h e  s t o i c h i o m e t r i c  v a l u e s  may be t o o  l o w .  
D i f f e r e n t  w o r k e r s  use  d i f f e r e n t  s t o i c h i o m e t r i c  v a l u e s  f o r  t h e  
a n t i o x i d a n t s ,  e . g .  0 . 3 3  and 2 . 0  f o r  t h e  s u l p h i d e  g r o u p s  and 
u r i c  a c i d ,  r e s p e c t i v e l y  / 1 7 ,  2 4 / .  F u r t h e r m o r e ,  Wayner e t  a l .  
/ 2 3 /  have  shown t h a t  t h e  v a l u e  f o r  v i t a m i n  C i s  c o n c e n t r a t i o n  
d e p e n d e n t .  H o w eve r ,  even  i f  a l l  t h e  c o n t r i b u t i n g  a n t i o x i d a n t s  
a r e  i d e n t i f i e d  and t h e i r  c o r r e c t  s t o i c h i o m e t r i c  v a l u e s  used ,  
t h e  TRAPcalc  does  n o t  t a k e  i n t o  a c c o u n t  t h e  v e r y  i m p o r t a n t
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i n t e r a c t i o n s  t h a t  o c c u r  be tween a n t i o x i d a n t s  when t h e y  w o rk  i n  
u n i  son  / 2 4 , 2 5 /  .
The c o r r e l a t i o n  b e t w e e n  th e  TRAPmeas and  TRAPcalc  v a l u e s  and 
t h e  i n d i v i d u a l  a n t i o x i d a n t s  was d i f f e r e n t  i n  t h e  g r o u p s .  
P r o b a b l y  th e  i n h i b i t i o n  o f  a n t i o x i d a n t  a c t i v i t y ,  e . g .  c a t i o n  
b i n d i n g  o f  u r a t e  / 1 4 /  o r  i n c r e a s e d  p r o o x i d a n t  a c t i v i t y  may 
e x p l a i n  th e s e  f i n d i n g s  / 1 5 ,  2 2 / .  The u n i d e n t i f i e d  a n t i o x i d a n t s  
s h o w e d  t h e  s t r o n g e s t  c o r r e l a t i o n  w i t h  t h e  TRAPmeas i n  g r o u p s  o f  
c h i l d r e n  w i t h  as thma and  a l l e r g i c  r h i n i t i s  e m p h a s i z i n g  t h e  need 
t o  i d e n t i f y  t h e i r  c o m p o n e n t s .
Our f i n d i n g s  s u g g e s t  t h a t  ox y g e n  f г е е - r a d i c a l s  t o x i c i t y  
o c c u r s  i n  c h i l d r e n  w i t h  asthma and a l l e r g i c  r h i n i t i s .  The 
c e n t r a l  c o n c l u s i o n  f r o m  t h i s  wo rk  i s  t h a t  f o r  c h i l d r e n  w i t h  
a s t h m a  and a l l e r g i c  r h i n i t i s  i n  t h e  r e g i o n  o f  S i l e s i a  P o la n d  
s t u d i e d  d i e t a r y  i n t a k e s  o f  t h e  e s s e n t i a l  n u t r i e n t s :  v i t a m i n  E, 
v i t a m i n  C, and c y s t e i n e - r i c h  p r o t e i n  a r e  t o o  low  f o r  o p t i m a l  
a n t i o x i d a n t  s y s te m s  a c t i v i t i e s .  I t  i s  p o s s i b l e  t h a t  i n  p a t i e n t s  
w i t h  asthma and a l l e r g i c  r h i n i t i s  t h e  l i p i d  p e r o x i d a t i o n  
p r o d u c t s  g e n e r a t e d  i n  p lasma exceed  t h e  c a p a c i t y  o f  t h e  
o r g a n i s m  t o  i n a c t i v a t e  f r e e  r a d i c a l s .  The exc e s s  o f  f r e e  
r a d i c a l s  may i n  t u r n  be a f a c t o r  t h a t  c o n t r i b u t e s  t o  t h e  
c o m p l i c a t i o n  o f  a s t h m a  o r  a l l e r g i c  r h i n i t i s .  The p o t e n t i a l  
c l i n i c a l  use o f  t h i s  a p p r o a c h  i s  a g r e a t  a p p e a l .  I t  r e m a i n s  t o  
be s t u d i e d  w h e th e r  t h e  p la sm a  a n t i o x i d a n t  a c t i v i t y  i n  p a t i e n t s  
w i t h  asthma and a l l e r g i c  r h i n i t i s  can  be i n c r e a s e d  by 
a n t i o x i d a n t  t h e r a p y .
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ALFA-1-4-GLUC0SIDASE ENZYME ANALYSIS FOR THE DIAGNOSIS OF I I
TYPE GLYCOGENOSIS
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^ D e p a r t m e n t  o f  P a e d i a t r i c s ,  A. S z e n t - G y ö r g y i  M e d i c a l  
U n i v e r s i t y ,  Szeged ,  2N a t i o n a l  I n s t i t u t e  o f  N e u r o l o g y  and 
P s y c h i a t r y ,  B u d a p e s t ,  Hungary
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I n  3 f a m i l i e s  2 m o t h e r s  s u f f e r i n g  f r o m  g l y c o g e n  
m y o p a t h y  and t h e i r  c h i l d r e n  were  i n v e s t i g a t e d  f o r  
s p e c i f i c  l e u k o c y t e  enzyme a c t i v i t y  ( a l f a - 1 - 4 -  
g l u c o s i d a s e ) . The c l i n i c a l ,  l a b o r a t o r y  d a t a ,  
h i s t o c h e m i c a l  and e l e c t r o n  m i c r o s c o p i c  a n a l y s i s  p r o v e d  
t h e  d i a g n o s i s  o f  m u s c u l a r  g l y c o g e n o s i s .  A l l  g l y c o g e n  
s t o r a g e  m y o p a t h i c  p a t i e n t s  p r o v e d  t o  be t y p e  I I  
g l y c o g e n o s i s .  The serum CK v a l u e s  were s l i g h t l y  o r  n o t  
e l e v a t e d ,  t h e  p a t i e n t s  m o s t l y  had h y p e r p y r u v a t e m i a . 
U n e x p e c t e d l y  h i g h  r e s i d u a l  a l f a - l - 4 - g l u c o s i d a s e  
a c t i v i t y  was n o t i c e d  i n  l e u k o c y t e / l y m p h o c y t e  h o m o g e n a t e  
o f  some h o m o z y g o t e s  f o r  GSD I I .  The s p e c i f i c  enzyme 
a c t i v i t y  f r o m  l y m p h o c y t e  homogenat e  p r o v e d  t o  be more 
a v a i l a b l e  f o r  t h e  d e t e c t i o n  o f  h e t e r o z y g o u s  g e n o t y p e .
INTRODUCTION
GSD I I  ( g l y c o g e n o s i s  I I  t y p e  = Pompe's d i s e a s e  a c i d  
m a l t a s e  = a l f a - l - 4 - g l u c o s i d a s e = E C  3 . 2 . 1 . 2 0 )  d e f i c i e n c y  was 
f i r s t  d e s c r i b e d  i n  a human i n f a n t  as g l y c o g e n i c  c a r d i o m e g a l y  
/ 1 0 / .  C l i n i c a l l y  GSD I I  may be m a n i f e s t e d  e i t h e r  as a r a p i d l y  
f a t a l  i n f a n t i l e  f o r m  o r  as a m i l d e r  l a t e - o n s e t  one / 1 , 2 , 4 ,  8 , 
9 / .
I n  g l y c o g e n o s i s  t y p e  I I  a d e f i c i e n c y  o f  t h e  l y s o s o m a l  
enzyme a l f a - g l u c o s i d a s e  l e a d s  t o  a c c u m u l a t i o n  o f  g l y c o g e n  
p a r t i c u l u m s  i n  t h e  l y s o s o m e s  / 2 / .
The disease i s  c l i n i c a l l y  h e t e r o g e n o u s ,  i n  t h e  i n f a n t i l e  fo r m  
t h e r e  i s  a g e n e r a l i z e d  a c c u m u l a t i o n  o f  g l y c o g e n ,  t h e  d i s e a s e  i s  
r a p i d l y  p r o g r e s s i v e .  I n  t h e  l a t e  o n s e t  ( j u v e n i l e  and  a d u l t )
Akadémiai Kiadó,  Budapest
TABLE I
ON
00
C l i n i c a l ,  morphological ,  l ab ora to ry  and s p e c i f i c  enzyme a c t i v i t y  values of  GSO I I  pa t ien ts  and fam i l y  members
Name 
age (y)  
F=female 
M=male
Onset
of
disease
У
C l i n i c a l  symptoms
H is t o lo g i c a l
f i nd in gs
Laboratory
data
a l fa - l -4 -g l u c o s id a s e  
lymphocyte- leukocyte-  
homogenate homogenate 
nmol/mg/h
GSD I I  
genotype
1. Mrs. S. 28 Gowers+, general ized CK 543 U/ l 20.9 53,2% homozygotex
muscle hypotonia, L 0.79 mmol/1
33y F muscle cramps+, P (pyruvate)
D.: GSO I I EMG: myogen les ion 117.1 /u no l / l .
(mother) ECHO: muscul. atrophy
EM: a l fa -be ta - lycogen  
p a r t i c u l a  g ly c .  
myopathy
2. G.S. symptomfree CK 120 0/1 13.1 33.3% homozygote?x
ECHO: normal blood l a c ta te heterozygote?
13y M muscle biopsy:  - (L)  0.92 mmol/1
(son o f  1) P 217.8 /uno l / l  
(e leva ted)
J.S.
35y M
( f a th e r  o f  2) 
Control  :
Healthy - 29.9 76.1% heal thy
12y M 39.3 100 % heal thy
Aranka László e
t 
a
l.
Name 
age (y)  
F=female 
M=male
Onset
of
disease
У
C l i n i c a l  symptoms
H is t o lo g i c a l
f i nd in gs
Laboratory
data
a l fa - l - 4 - g l u c o s id a s e  
lymphocyte- leukocyte-  
homogenate homogenate 
nmol/mg/h
GSD I I  
genotype
3. Mrs. W.
31y F 
(mother) 
Og.: GSD I I
14-16 Mi ld  muscle atrophy 
myopathy, lumbal 
lo rd o s is ,  Gowers+ 
ECHO: muscle atrophy 
ECHO-cardiogr. pro­
lapsus va lv .  m i t r .
EM glycogen myopathy
CK 112U/1 
LDH 741 U/ l  
CK 638 U/ l
muscle c a r n i ­
t i n e :  normal 
cytochrome-c. 
oxydase: norm.
1.57 6.25% homozygote
4. Zs.W.
4y F 
(dauhter 
of  3 ) 
Contro l :  
40y
Symptomfree 
ECHO: normal 
ECHO ca rd io g . :  norm, 
muscle b iopsy:  -
CK 40 U / l 5.13 20.4% 
25.1 100 %
heterozygote
heal thy
ON
40
Type 
II 
glycogenosis
Table I  cont . о
5. К. M. 14 Muscle pain,
cramps, muscular 
19y F atrophy
Dg.: GSD I I  EMG: myogen laesion
CHO muscular 
atrophy 
ENG normal 
EEG normal 
muscle biopsy:
EM: glycogen 
myopathy
CK 30 U / l  16.3
l a c ta te  1.36
mmol/1
P 325 A jn o l / l ,  
glucose 4.6 
mmol/1
64.9% homozygotex
6 . Mrs. M. Symptomfree 27.7 110.3% heal thy
38y
(mother o f  5 )
X Unexpectedly high re s i dua l  enzyme a c t i v i t y
A
ranka László e
t 
a
l.
Type I I  glycogenosis 71
f o r m s  t h e  g l y c o g e n  a c c u m u l a t i o n  i s  u s u a l l y  r e s t r i c t e d  t o  
s k e l e t a l  m u s c l e  and t h e  p a t i e n t s  may l i v e  f o r  many y e a r s  a f t e r  
t h e  o n s e t  o f  t h e  d i s e a s e  / 1/ .
R e s u l t s  o f  t h e  s p e c i f i c  enzyme a n a l y s i s  and d e t e c t i o n  o f  
h e t e r o z y g o u s  g e n o t y p e  f o r  GSD I I  w i l l  be r e p o r t e d  i n  t h i s  
s t u d y .
PATIENTS AND METHODS
I n  t h r e e  f a m i l i e s  2 m o t h e r s  s u f f e r i n g  f r o m  g l y c o g e n  
m y o p a t h y  were  i n v e s t i g a t e d  t o g e t h e r  w i t h  t h e i r  a f f e c t e d  
c h i l d r e n .  E l e c t r o m y o g r a p h y ,  mu sc le  e c h o ,  se ru m C r e a t i n e  k i n a s e  
( C K ) ,  b l o o d  l a c t a t e ,  p y r u v a t e  were  d e t e r m i n e d  and m usc l e  b i o p s y  
m a t e r i a l s  were  a n a l y s e d  h i s t o l o g i c a l l y  and e l e c t r o n  
m i c r o s c o p i c a l l y .  The h i s t o c h e m i c a l  and e l e c t r o n  m i c r o s c o p i c  
(EM) a n a l y s i s  p r o v e d  t h e  d i a g n o s i s  o f  m u s c u l a r  g l y c o g e n o s i s .
The g e n o t y p e  o f  t h e  GSD I I  was d e t e r m i n e d  a c c o r d i n g  t o  t h e  
s p e c i f i c  enzyme a c t i v i t i e s .  A l f a - l - 4 - g l u c o s i d a s e  a c t i v i t y  was 
meas ur ed  f r o m  t h e  l y m p h o c y t e  o r l e u k o c y t e  homogenate  w i t h  
G r i f f i t h ' s  / 6/  m e t hod .
RESULTS
The s p e c i f i c  a l f a - l - 4 - g l u c o s i d a s e  a c t i v i t y  r e s u l t s  and t h e  
s u s p e c t e d  GSD I I  g e n o t y p e s  a r e  seen i n  T a b l e  I .  The 1, 3 and 
5 c a s e s  p r o v e d  t o  be GSD I I  h o m o z y g o t e s  w i t h  m i l d  p r o g r e s s i v e  
m y o p a t h y .  Case 2 and 4 a re  s u s p e c t e d  t o  be GSD I
h e t e r o z y g o t e s ,  b u t  c ase  2 (s on  o f  c a s e  1) may be GSD I  
h o m o z y g o t e ,  u n t i l  now s y m p t o m f r e e  h o m o z y g o t e  w i t h  e l e v a t e d  
serum CK and p y r u v a t e .
A l l  GSD I I  p a t i e n t s  had h y p e r p y r u v a t e m i a  and n o r m a l  b l o o d  
l a c t a t e  v a l u e s .  I h e  se rum CK v a l u e s  w ere  s l i g h t l y  e l e v a t e d ,  
o n l y  1 GSD I I  p a t i e n t  had n o r m a l  CK a c t i v i t y .
DISCUSSION
The m u s c l e  g l y c o g e n  s t o r a g e  d i s o r d e r s  a re  g l y c o g e n o s i s  
t y p e s  I I I ,  I V ,  and I X ,  t h e s e  a r e  m a n i f e s t e d  i n  m y o p a t h y .
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The s e v e r i t y  o f  t h e  c l i n i c a l  symptoms i n  g l y c o g e n o s i s  t y p e  
I I  does n o t  a l w a y s  c o r r e l a t e  w i t h  t h e  r e s i d u a l  a l f a -  
g l u c o s i d a s e  a c t i v i t y  / 3 / .  The d e f e c t s  t h a t  l e a d  t o  a d e f i c i e n c y  
o f  a l f a - g l u c o s i d a s e  i n c l u d e  s y n t h e s i s  o f  c a t a l y t i c a l l y  i n a c t i v e  
p r o t e i n ,  absence  o f  mRNA f o r  t h e  enzyme ,  d e c r e a s e d  s y n t h e s i s  o f  
t h e  p r e c u r s o r ,  l a c k  o f  p h o s p h o r y l a t i o n  o f  t h e  p r e c u r s o r ,  
i m p a i r e d  c o n v e r s i o n  o f  t h e  p r e c u r s o r  t o  t h e  m a t u r e  enzyme / 11/ .
Our p a t i e n t s  1 ,  3 ,  5 b e l o n g  t o  t h e  l a t e - o n s e t  g l y c o g e n  
m y o p a t h y  r e p r e s e n t i n g  a m i l d e r  f o r m  o f  GSD I I  t y p e .
We have g o t  u n e x p e c t e d l y  h i g h  r e s i d u a l  s p e c i f i c  enzyme 
a c t i v i t y  i n  l e u k o c y t e  o r  l y m p h o c y t e  homogenate  o f  some homozy­
g o u s  p a t i e n t s  (1  and 5 ) .  The d e t e c t i o n  o f  h e t e r o z y g o u s  g e n o t y p e  
w i t h  t h e  s p e c i f i c  enzyme a n a l y s i s  f r o m  p e r i p h e r a l  l e u k o c y t e  
h o m o g e n a t e  was i m p o s s i b l e  i n  one c a s e  / 2 /  f r o m  f a m i l y  S.
The s p e c i f i c  enzyme a c t i v i t y  i n v e s t i g a t e d  f r o m  l y m p h o c y t e  
h o m o g e n a t e  seemed t o  be more e f f e c t i v e  f o r  t h e  d e t e r m i n a t i o n  o f  
t h e  h e t e r o z y g o s i t y  f o r  GSD I I  ( s e e  i n  W f a m i l y  i n  c a s e  4 ) .
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EFFECT OF PASSIVE SMOKING AND VITAMIN E SUPPLEMENTATION IN  BLOOD 
ANTIOXIDANT STATUS IN PRESCHOOL CHILDREN
A. JENDRYCZKO1 , G. SZPYRKA2 , J.  GRUSZCZYNSKI2 , M. KOZOWICZ2
^ D e p a r t m e n t  o f  Drug C h e m i s t r y ,  M e d i c a l  S c h o o l  i n  K a t o w i c e ,  P o l a n d  
2 IV  D e p a r t m e n t  o f  P e d i a t r i c s ,  M e d i c a l  S c h o o l  i n  K a t o w i c e ,  P o l a n d
R e c e i v e d  9 November  1992
D e s p i t e  s i m i l a r  v i t a m i n  E c o n c e n t r a t i o n s ,  e r y t h r o c y t e  
o f  c h i l d r e n  o f  s m o k i n g  p a r e n t s  have  an i n c r e a s e d  t e n d e n c y  
( p < 0 . 0 1 ) t o  p e r o x i d i z e  i n  v i t r o  compared  w i t h  t h o s e  o f  
c h i l d r e n  o f  n o n s m o k i n g  p a r e n t s .  T h i s  d i f f e r e n c e  i s  
a b o l i s h e d  by v i t a m i n  E s u p p l e m e n t a t i o n  (100 mg a l f a -  
t o c o p h e r o l  a c e t a t e / d  f o r  1 4 d ) .  The i n c r e a s e d  
s u s c e p t i b i l i t y  t o  e r y t h r o c y t e  p e r o x i d a t i o n  i n  t h e  
c h i l d r e n  o f  s m o k i n g  p a r e n t s  may r e f l e c t  l o w e r  e r y t h r o c y t e  
g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e ,  g l u t a t h i o n e  p e r o x i d a s e  
and s u p e r o x i d e  d i s m u t a s e  a c t i v i t i e s  ( p < 0 . 0 0 1 ,  p < 0 . 0 0 5 ,  
and p < 0 . 0 2 ,  r e s p e c t i v e l y ) .  C h i l d r e n  o f  sm ok in g  p a r e n t s  
seem t o  be u n d e r  s u s t a i n e d  o x i d a n t  s t r e s s  w i t h  i n c r e a s e d  
p l a s m a - c o n j u g a t e d  d i e n e s  ( p < 0 . 0 1 ) and d e h y d r o a s c o r b a t e  
( p < 0 . 0 0 2 )  c o n c e n t r a t i o n s .  P lasma t o t a l  c h o l e s t e r o l  i s  
s i m i l a r  i n  c h i l d r e n  o f  s m o k i n g  and nonsm ok in g  p a r e n t s ,  
and i s  u n a f f e c t e d  by v i t a m i n  E s u p p l e m e n t a t i o n .  I n d i c e s  
o f  s u s t a i n e d  o x i d a n t  s t r e s s  i n  c h i l d r e n  o f  s m o k i n g  
p a r e n t s  a r e  p a r t i a l l y  a m e l i o r a t e d  by v i t a m i n  E 
s u p p l e m e n t a t i o n .
INTRODUCTION
A l t h o u g h  c l i n i c a l  m a n i f e s t a t i o n s  o f  c a r d i o v a s c u l a r  r i s k  
f a c t o r s  a p p e a r  o n l y  l a t e r  i n  l i f e ,  i t  i s  now r e c o g n i z e d  t h a t  
a t h e r o s c l e r o s i s  and e s s e n t i a l  h y p e r t e n s i o n  b e g i n  i n  c h i l d h o o d  
/ 3 / .  A l t h o u g h  t h e  p r o c e s s e s  i n v o l v e d  i n  t h e  p a t h o g e n e s i s  o f  
c a r d i o v a s c u l a r  d i s e a s e  a r e  n o t  c o m p l e t e l y  u n d e r s t o o d ,  r e c e n t  
b i o c h e m i c a l  and e p i d e m i o l o g i c a l  s t u d i e s  ( f o r  a r e v i e w ,  see  r e f s  
6 , 1 0 ) i m p l i c a t e  f r e e  r a d i c a l s  i n  t h e  f o r m a t i o n  o f  a t h e r o m a t o u s
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p l a q u e .  C i g a r e t t e  smoke c o n t a i n s  v a s t  amounts  o f  f r e e  r a d i c a l s  
( l O ^ / i n h a l a t i o n ) , w h i c h  can d i r e c t l y  and i n d i r e c t l y  i n i t i a t e  
and  p r o p a g a t e  t h e  p r o c e s s  o f  l i p i d  p e r o x i d a t i o n  / 5 / .  Thus ,  
s m o k e r s  e n c o u n t e r  a s u s t a i n e d  f r e e - r a d i c a l  l o a d ,  w h ic h  
f a a i l i t a t e s  t h e  d e v e l o p m e n t  o f  t h e  a t h e r o m a t o u s  p l a q u e .  R i s k  o f  
a t h e r o g e n e s i s  w o u l d  be e x a c e r b a t e d  f u r t h e r  by an i n a d e q u a t e  
d i e t a r y  i n t a k e  o f  a n t i o x i d a n t s  such  as v i t a m i n  E.
The aim o f  t h i s  s t u d y  was t o  a s s e s s  w h e t h e r  i n d i c e s  o f  f r e e -  
r a d i c a l - m e d i a t e d  p e r o x i d a t i o n  a r e  i n c r e a s e d  i n  c h i l d r e n  o f  
s m o k i n g  p a r e n t s  co m p a r e d  w i t h  c h i l d r e n  o f  nonsmokers  and w h e t h e r  
c h i l d r e n  o f  sm o k in g  p a r e n t s  b e n e f i t  f r o m  s u p p l e m e n t a t i o n  w i t h  t h e  
l i p i d - s o l u b l e  f r e e - r a d i c a l  s c a v e n g e r ,  v i t a m i n  E. The e f f e c t s  o f  
p a s s i v e  smok ing  on b l o o d  a n t i o x i d a n t s  and a n t i o x i d a n t - r e l a t e d  
e n z y m e s  were a l s o  a s s e s s e d .
SUBJECTS AND METHODS
C h i l d r e n  t o  be i n c l u d e d  i n  t h e  s t u d y  had t h e  f o l l o w i n g  w o r k ­
up p e r f o r m e d :  / 1 /  e s t i m a t i o n  o f  bo d y  w e i g h t ;  / 2 /  f a s t i n g  b l o o d  
g l u c o s e  l e v e l  and p o s t p r a n d i a l  b l o o d  g l u c o s e  l e v e l ;  / 3 /  serum 
g l u t a m i c  o x a l o a c e t i c  t r a n s a m i n a s e  (SGOT) ,  serum g l u t a m i c  p y r u v i c  
t r a n s a m i n a s e  (S G PT) ,  serum g a m m a - g l u t a m y l  t r a n s p e p t i d a s e  ( G T ) ,  
a l k a l i n e  p h o s p h a t a s e ,  p r o t h r o m b i n  t i m e ,  b i l i r u b i n  l e v e l ,  and 
s e r u m  p r o t e i n ;  / 4 /  2 4 - h o u r  u r i n a r y  p r o t e i n  e x c r e t i o n ;  and / 5 /  
s e r u m  t h y r o i d - s t i m u l a t i n g  hormone ( T S H ) ,  T3 , and T^ l e v e l s .
On t h e  b a s i s  o f  t h e  above w o r k - u p  we were a b l e  t o  e x c l u d e ,  
p r o s p e c t i v e l y ,  f r o m  t h e  s t u d y  a l l  t h e  c h i l d r e n  who had m e t a b o l i c  
d i s o r d e r s ,  l i v e r  d y s f u n c t i o n ,  h y p e r t h y r o i d i s m ,  h y p o t h y r o i d i s m .  
C h i l d r e n  w e i g h i n g  more  th a n  20% a bove  t h e i r  i d e a l  w e i g h t  were 
a l s o  e x c l u d e d .
E x p e r i m e n t  1
F a s t i n g  b l o o d  s a m p l e s  were  w i t h d r a w n  i n t o  e v a c u a t e d  
h e p a r i n i z e d  t u b e s  f r o m  t h e  a n t i c u b i t a l  v e i n  o f  28 c h i l d r e n  (age 
7 - 1 1  y e a r s ,  mean+_SD 8 .5  + 1 . 1  y e a r s )  whose b o t h  p a r e n t s  smoke 1 5 -3 0  
c i g a r e t t e s / d a y ,  and o f  25 c h i l d r e n  ( a g e d  7 -11 y e a r s ,  mean^SD 8 . 8  
y e a r s )  whose b o t h  p a r e n t s  a re  n o n s m o k e r s .  A f t e r  c e n t r i f u g a t i o n  
( 1 5 0 0  X g,  4°C,  10 m i n )  t h e  h a r v e s t e d  p la sm a  was f r o z e n  i n  l i q u i d  
n i t r o g e n .  E r y t h r o c y t e s  were r e s u s p e n d e d  t o  t h e  o r i g i n a l  vo l u m e  i n  
i s o t o n i c  p h o s p h a t e  b u f f e r e d  s a l i n e  ( 0 . 1 5 4  m m o l / 1 ,  pH 7 . 4 ,  4 ° C ) .
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E x p e r i m e n t  2
Tw en ty  t h r e e  c h i l d r e n  o f  s m o k i n g  p a r e n t s  ( 1 5 - 3 0  
c i g a r e t t e s / d a y  ) ,  aged 3 - 6  y e a r s  (meanj^SD 4 . 6hJD . 9 y e a r s )  and 23 
c h i l d r e n  o f  n o n s m o k i n g  p a r e n t s ,  aged 3 - 6  y e a r s  (meanj^SD 4 . 7 ^ 0 . 5  
y e a r s )  were  a g e - m a t c h e d  and a l l o c a t e d  t o  one o f  f o u r  t r e a t m e n t  
g r o u p s  i n  2 x 2 f a c t o r i a l  d e s i g n :  c h i l d r e n  o f  sm o k in g  p a r e n t s  vs 
c h i l d r e n  o f  n o n s m o k i n g  p a r e n t s  and p l a c e b o  vs v i t a m i n  E. F o r  14 
days  each  s u b j e c t  t o o k  one c a p s u l e  p e r  day o f  e i t h e r  100 mg a l f a -  
t o c o p h e r o l  a c e t a t e  i n  soya o i l  o r  a p l a c e b o  c o n t a i n i n g  
h y d r o g e n a t e d  c o c o n u t  o i l  and w i t h  an a l f a - t o c o p h e r o l  c o n t e n t  < 2 0 , 
/ j g . The s e l e n i u m  c o n t e n t  o f  t h e  c a p s u l e s  was n e g l i g i b l e  ( 0 . 0 0 5 -
0 . 0 4 4  / u g ) .  B lo o d  was t h e n  d rawn f r o m  each  s u b j e c t  and p r o c e s s e d
as d e s c r i b e d  i n  e x p e r i m e n t  1 .
P a r a m e t e r s  s t u d i e d
The f o l l o w i n g  p a r a m e t e r s  were d e t e r m i n e d  i n  t h e  e r y t h r o c y t e s  
o f  a l l  c h i l d r e n :  / 1 /  v i t a m i n  E c o n c e n t r a t i o n s ;  / 2 /  g l u t a t h i o n e
p e r o x i d a s e  a c t i v i t y ;  / 3 /  c a t a l a s e  a c t i v i t y ;  / 4 /  g l u c o s e - 6 -
p h o s p h a t e  d e h y d r o g e n a s e  a c t i v i t y ;  / 5 /  s u p e r o x i d e  d i s m u t a s e  
a c t i v i t y ;  / 6 /  t o t a l  g l u t a t h i o n e  c o n c e n t r a t i o n ;  / 7 /  r e d u c e d  
g l u t a t h i o n e  c o n c e n t r a t i o n ;  / 8 /  o x i d i z e d  g l u t a t h i o n e
c o n c e n t r a t i o n ;  / 9 /  c o n c e n t r a t i o n  o f  t h i o b a r b i t u r i c  a c i d  r e a c t i v e  
s u b s t a n c e s  (TBARS);  and i n  p l asma ( 1 0 )  t o t a l  c h o l e s t e r o l
c o n c e n t r a t i o n ;  / 1 1 /  v i t a m i n  E c o n c e n t r a t i o n ;  / 1 2 /  c o n j u g a t e d  
d i e n e s ;  / 1 3 /  c o n c e n t r a t i o n  o f  TBARS, and / 1 4 /  c o n c e n t r a t i o n s  o f  
a s c o r b a t e  and d e h y d r o a s c o r b a t e .
B i o c h e m i c a l  d e t e r m i n a t i o n s
The e r y t h r o c y t e s  were  s u b s e q u e n t l y  washed t w i c e  w i t h  2 v o l  o f  
154 mm ol / 1  sod i um  c h l o r i d e  s o l u t i o n  a t  pH 7 . 4 .  F o l l o w i n g  t h i s ,  
t h e  e r y t h r o c y t e s  were  h e m o l y s e d  w i t h  a t w o f o l d  v o l u m e  o f  
d i s t i l l e d  w a t e r .  G l u t a t h i o n e  p e r o x i d a s e  (E .  C. 1.  1 1 .  1.  g) 
a c t i v i t y  i n  h e m o l y s a t e  was measured  by t h e  c o u p l e d  a s s a y  s y s t e m  
d e s c r i b e d  by P a g l i a  and V a l e n t i n e  / 1 7 / .  The enzyme a c t i v i t y  was 
c a l c u l a t e d  by means o f  t h e  m o l a r  e x t i n c t i o n  c o e f f i c i e n t  e = 6 . 2 2  
L /mmol  cm f o r  NADPH and e x p r e s s e d  as m k a t / m o l  h e m o g l o b i n  (1  k a t  = 
1 mol  NADPH t r a n s f o r m e d / s ) .  S u p e r o x i d e  d i s m u t a s e  (EC 1. 1 5 .  1 .  1) 
a c t i v i t y  was ass a ye d  u s i n g  t h e  method  o f  M i s r a  and F r i d o v i c h  
/ 1 6 / ,  based on t h e  m easu re me nt  o f  i n h i b i t i o n  o f  e p i n e p h r i n e  
a u t o o x i d a t i o n  t o  a d r e n o c h r o m e . A u n i t  o f  a c t i v i t y  was d e f i n e d  as 
t h e  amount  o f  samp le  c a u s i n g  50% i n h i b i t i o n  o f  a d r e n o c h r o m e  
f o r m a t i o n .  C a t a l a s e  (EC 1.  11 .  1 .  6 ) a c t i v i t y  was a s s a y e d  i n  
h e m o l y s a t e s  o f  e r y t h r o c y t e s  by m o n i t o r i n g  t h e  c o n s u m p t i o n  o f  Ht 02 
a t  240 nm as d e s c r i b e d  by Beers  and S i z e r  / 4 / ,  w i t h  a c t i v i t y  
d e f i n e d  as t h e  change  i n  a b s o r b a n c e  p e r  m i n u t e  a t  25°C and pH 
7 . 0 .  The g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  a c t i v i t y  was 
d e t e r m i n e d  u s i n g  d i a g n o s t i c  k i t  ( B o e h r i n g e r ,  Mannheim,  F . R . G . ) .  
T o t a l  g l u t a t h i o n e  (GSH + GSSG), o x i d i z e d  g l u t a t h i o n e  (GSSG ) ,  and 
r e d u c e d  g l u t a t h i o n e  (GSH) were  d e t e r m i n e d  by t h e  g l u t a t h i o n e  
r e d u c t a s e - D T N B  ( 5 . 5 ' - d i t h i o b i s - / 2 - n i t r o b e n z o i c  a c i d / )  a s s a y  o f  Di  
S i m p l i c i o  and M a n n e r v i k  / 7 / .  The c o n c e n t r a t i o n s  o f  v i t a m i n  E i n
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h e m o l y s a t e  and i n  p l a s m a  were a s s a y e d  f l u o r i m e t r i c a l l y  i n  t h e  
h e x a n e  phase used f o r  e x t r a c t i o n  o f  t h e  v i t a m i n  / 9 / .  T o t a l  p lasma 
c h o l e s t e r o l  was m e a s u r e d  w i t h  a t e s t  k i t  ( B o e h r i n g e r ,  Mannhe im,  
G . F . R . ) .  Plasma a s c o r b a t e  and d e h y d r o a s c o r b a t e  c o n c e n t r a t i o n s  
w e r e  measured by l i q u i d  c h r o m a t o g r a p h y  / 1 5 / .  The p lasma i n d i c e s  
o f  l i p i d  p e r o x i d a t i o n :  c o n j u g a t e d  d i e n e s ,  and t h i o b a r b i t u r i c  a c i d  
r e a c t i v e  s u b s t a n c e s  (TBARS) were  d e t e r m i n e d  by t h e  m et hods  o f  
Y a g i  / 1 8 / ,  and H u n t e r  and Mohamed / 1 1 / ,  r e s p e c t i v e l y .
The r e s u l t s  a r e  e x p r e s s e d  as mean +_ SD. The c o m p a r i s o n s  
b e t w e e n  the  means w e r e  p e r f o rm e d  u s i n g  t h e  a n a l y s i s  o f  v a r i a n c e  
(ANOVA) .  Va lues  o f  p < 0 . 0 5  were c o n s i d e r e d  s i g n i f i c a n t .
RESULTS
E x p e r i m e n t  1
Plasma c o n c e n t r a t i o n  o f  v i t a m i n  E was s i m i l a r  i n  c h i l d r e n  o f  
s m o k i n g  p a r e n t s  and i n  c h i l d r e n  o f  n o n s m o k i n g  p a r e n t s  ( T a b l e  I ) .
TABLE I
P la s m a  a n t i o x i d a n t s  o f  c h i l d r e n  o f  s m o k i n g  and nonsm ok in g  p a r e n t s
C h i l d r e n  o f
n onsm ok in g  p a r e n t s  s m o k i n g  p a r e n t s  p 
(n = 2 8 ) *  (n = 25)*
V i t a m i n  E (yumo l/1) 18 .2  + 2 . 0 1 5 . 0  + 1 . 2 NS
A s c o r b a t e  (yumo l/1) 4 3 .7  + 3 . 3 2 2 . 9  + 7 .1 < 0 . 0 5
D e h y d r o a s c o r b a t e
(y u m o l / l  ) 2 .3  + 0 .5 7 . 2  + 2 .1 < 0 . 0 0 5
R e s u l t s  are p r e s e n t e d  as means +_ SD 
^N um ber  o f  c h i l d r e n  
p -  S t a t i s t i c a l  s i g n i f i c a n c e
Mean plasma a s c o r b i c  a c i d  c o n c e n t r a t i o n  was 50% l o w e r  ( p < 0 . 0 1 )  
and  d e h y d r o a s c o r b i c  a c i d  c o n c e n t r a t i o n  was s i g n i f i c a n t l y  e l e v a t e d
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( p < 0 . 0 2 )  i n  c h i l d r e n  o f  sm ok in g  p a r e n t s .  E r y t h r o c y t e  v i t a m i n  E, 
t o t a l  and r e d u c e d  g l u t a t h i o n e  c o n c e n t r a t i o n s ,  and c a t a l a s e  
a c t i v i t y  were  t h e  same i n  c h i l d r e n  o f  sm o k in g  p a r e n t s  and 
n o n s m o k i n g  p a r e n t s .  H o w e ve r ,  e r y t h r o c y t e  g l u c o s e - 6 - p h o s p h a t e  
d e h y d r o g e n a s e ,  g l u t a t h i o n e  p e r o x i d a s e  and s u p e r o x i d e  d i s m u t a s e  
a c t i v i t i e s  were s i g n i f i c a n t l y  l o w e r  ( p < 0 . 0 0 1 ,  p < 0 . 0 0 5  and p < 0 .02, 
r e s p e c t i v e l y )  i n  c h i l d r e n  o f  sm ok in g  p a r e n t s  ( T a b l e  I I ) .
E x p e r i m e n t  2
Plasma t o t a l  c h o l e s t e r o l  was n o t  d i f f e r e n t  i n  c h i l d r e n  o f  
s m o k i n g  and n o n s m o k i n g  p a r e n t s ,  and was u n a f f e c t e d  by v i t a m i n  E 
s u p p l e m e n t a t i o n  ( T a b l e  I I I . ) .  As i n  e x p e r i m e n t  1,  p l a s m a  and 
e r y t h r o c y t e  v i t a m i n  E c o n c e n t r a t i o n s  w ere  s i m i l a r  i n  c h i l d r e n  o f  
s m o k i n g  and n o n s m o k i n g  p a r e n t s .  V i t a m i n  E s u p p l e m e n t a t i o n  
i n c r e a s e d  ( p < 0 . 0 0 1 )  e r y t h r o c y t e  and p lasma v i t a m i n  E 
c o n c e n t r a t i o n s  t o  t h e  same e x t e n t  i n  b o t h  g r o u p s  ( T a b l e  I V ) .  The 
e l e v a t e d  e r y t h r o c y t e  TBARS ( p < 0 . 0 2 ) ,  e l e v a t e d  p la sm a  TBARS 
( p < 0 . 0 1 ) and e l e v a t e d  e r y t h r o c y t e  o x i d i z e d  g l u t a t h i o n e  
c o n c e n t r a t i o n s  ( p < 0 . 0 0 1 ) i n  c h i l d r e n  o f  sm o k in g  p a r e n t s  were 
a b o l i s h e d  ( p < 0 . 0 0 2 ,  p < 0 . 0 0 1  and p < 0 . 0 0 2  f o r  TBARS i n  e r y t h r o c y t e s  
and p l a s m a ,  and f o r  o x i d i z e d  g l u t a t h i o n e ,  r e s p e c t i v e l y )  by 
v i t a m i n  E s u p p l e m e n t a t i o n .  C o n c e n t r a t i o n s  o f  c o n j u g a t e d  d i e n e s  
were s i g n i f i c a n t l y  g r e a t e r  ( p < 0 . 0 0 2 ) i n  c h i l d r e n  o f  s m o k i n g  
p a r e n t s  ( T a b l e  I I I ) .  I n c l u s i o n  o f  age as a c o v a r i a t e  f o r  
s t a t i s t i c a l  a n a l y s i s  r e v e a l e d  a g e - a s s o c i a t e d  i n c r e a s e s  i n  p la sm a  
and e r y t h r o c y t e  v i t a m i n  E, t o t a l  c h o l e s t e r o l ,  c o n j u g a t e d  d i e n e s ,  
and TBARS ( T a b l e  V ) .
DISCUSSION
P a s s i v e  s m o k i n g  c a u s e s  changes  i n  c e r t a i n  i n d i c e s  o f  
a n t i o x i d a n t  s t a t u s .  The enhanced  s u s c e p t i b i l i t y  o f  e r y t h r o c y t e s  
o f  c h i l d r e n  o f  s m o k i n g  p a r e n t s  t o  l i p i d  p e r o x i d a t i o n  may r e f l e c t
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TABLE I I
E r y t h r o c y t e  a n t i o x i d a n t s  and a n t i o x i d a n t - e n z y m e  a c t i v i t i e s  o f  
c h i l d r e n  o f  s m o k i n g  and n o n s m o k i n g  p a r e n t s
C h i l d r e n  o f
nonsm ok in g  p a r e n t s  s m o k i n g  p a r e n t s  p *  *
R e s u l t s  a re  p r e s e n t e d  as means +_ SD
*  S t a t i s t i c a l  s i g n i f i c a n c e
* *  Number o f  c h i l d r e n
V i t a m i n  E (д1то1/д Hb)
3 .9  _+ 0 . 4  3 . 6  _+ 0 . 2  NS
G l u t a t h i o n e  p e r o x i d a s e  (m k a t / m o l  Hb)
12 .5  + 1 . 1  9 . 2  +_ 0 . 9  <0 . 0 0 5
C a t a l a s e  (m k a t / m o l  Hb)
24 .0 5  + 1 . 2 2  2 6 . 4 2  + 2 . 3 3  NS
G l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  (m k a t / m o l  Hb)
5 .2  _+ 0 . 4  2 . 6  +_ 0 . 3  <0 .0 01
S u p e r o x i d e  d i s m u t a s e  (m k a t / m o l  Hb)
7 .28  +_ 0 . 9  3 . 0 8  +_ 1 , 1  < 0 . 0 2
T o t a l  g l u t a t h i o n e  ( m g / L )
124 + 12 112 + 9  NS
Reduced  g l u t a t h i o n e  ( m g / L )
115 + 6  106 + 5  NS
O x i d i z e d  g l u t a t h i o n e  ( m g / L )
0 .6  +_ 0 . 1  1 1 . 0  + 2 . 7  < 0 . 0 0 0 5
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TABLE I I I
E f f e c t s  o f  v i t a m i n  E s u p p l e m e n t a t i o n  ( 1 0 0  mg a l f a - t o c o p h e r o l  
a c e t a t e  p e r  day f o r  14 d a y s )  on i n d i c e s  o f  l i p i d  p e r o x i d a t i o n  and 
t o t a l  c h o l e s t e r o l  i n  p l asma  o f  c h i l d r e n  o f  s mok i ng  and n o n s m o k i n g
p a r e n t s
C h i l d r e n  o f
n o n s mo k i n g  p a r e n t s  smok i ng  p a r e n t s
p l a c e b o  v i t a m i n  E p l a c e b o  v i t a m i n  E
( n  = 1 3 ) *  ( n  = 12 )  ( n  = l l  ) *  ( n  = 12)
Pl asma v i t a m i n  E ( yumo l / L )
1 7 . 9  ( 1 . 9 )  2 4 . 8  ( 1 . 6 )  1 5 . 8  ( 0 . 4 )  2 3 . 2  ( 2 . 3 )
E r y t h r o c y t e  v i t a m i n  E ( yumol / g Hb)
3 . 9  ( 0 . 8 )  8 . 4  ( 0 . 2 )  3 . 7  ( 0 . 3 )  1 0 . 3  ( 0 . 7 )
E r y t h r o c y t e  1BARS** ( m m o l / L )
0 . 1 6  ( 0 . 0 1 )  0 . 0 5  ( 0 . 0 1 )  0 . 6 2  ( 0 . 0 2 )  0 . 2 2  ( 0 . 0 3
C o n j u g a t e d  d i e n e s  ( k U / L )
165 ( 6 3 )  145 ( 2 4 )  224 ( 4 5 )  178 ( 6 3 )
Pl asma TBARS ( m m o l / L )
1 . 3  ( 0 . 1 )  1 . 1  ( 0 . 3 )  2 . 5  ( 0 . 9 )  2 . 0  ( 0 . 3 )
Pl asma t o t a l  c h o l e s t e r o l  ( m mo l / L )
5 . 2  ( 0 . 1 )  5 . 1  ( 0 . 2 )  5 . 1  ( 0 . 2 )  5 . 0  ( 0 . 1 )
O x i d i z e d  g l u t a t h i o n e  ( m g / L )
0 . 3  ( 0 . 1 )  0 . 1  ( 0 . 1 )  1 1 . 3  ( 0 . 6 )  3 . 2  ( 1 . 1 )
R e s u l t s  a r e  p r e s e n t e d  as means +_ SD
* Number o f  c h i l d r e n
* *  T h i o b a r b i t u r i c  a c i d  r e a c t i v e  s u b s t a n c e s
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TABLE IV
S t a t i s t i c a l  a n a l y s i s  o f  e f f e c t s  o f  v i t a m i n  E s u p p l e m e n t a t i o n  on 
i n d i c e s  o f  l i p i d  p e r o x i d a t i o n  and t o t a l  c h o l e s t e r o l  i n  p la s m a  o f  
c h i l d r e n  o f  sm o k i n g  and n o n s m o k i n g  p a r e n t s
P a s s i v e  s m o k i n g  
e f f e c t
V i t a m i n  E 
e f f e c t
SED*
P l a s m a  v i t a m i n  E NS <0. 001 2 .4
E r y t h r o c y t e  v i t a m i n  E NS <0 . 001 0 .4
E r y t h r o c y t e  TBARS** < 0. 02 <0 . 002 0 . 02
P la s m a  c o n j u g a t e d
d i e n e s <0 . 002 NS 23
P la s m a  TBARS <0 . 002 <0. 001 0 .5
D x i d i z e d  g l u t a t h i o n e < 0. 001 <0 . 002 0 . 1
T o t a l  c h o l e s t e r o l NS NS 0 . 2
*  S t a n d a r d  e r r o r  o f  d i f f e r e n c e  
* *  T h i o b a r b i t u r i c  a c i d  r e a c t i v e  s u b s t a n c e s  
N S - N o t  S t a t i s t i c a l l y  s i g n i f i c a n t  ( p > 0 . 0 5 )
t h e  l o w e r  a c t i v i t i e s  o f  g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e ,  
g l u t a t h i o n e  p e r o x i d a s e  and s u p e r o x i d e  d i s m u t a s e .  D e c re a s e d  
a c t i v i t y  o f  g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  can be ca u s e d  by 
e x t r a c e l l u l a r  o r  i n t r a c e l l u l a r  l i p i d  p e r o x i d e s  / 1 3 / .  D i f f e r e n c e s  
i n  g l u t a t h i o n e  p e r o x i d a s e  a c t i v i t y  be tw een a d u l t  s m o k e r s  and 
n o n s m o k e r s  have been  r e p o r t e d  by D u t h i e  e t  a l . / 8 /  and may be 
a s s o c i a t e d  w i t h  d e c r e a s e d  s e l e n i u m  s t a t u s  / 9 / .
I n d i c a t i o n s  o f  o x i d a n t  s t r e s s  i n  p a s s i v e  sm ok in g  c h i l d r e n  a re  
e m p h a s i z e d  by t h e  s i g n i f i c a n t l y  g r e a t e r  c o n c e n t r a t i o n s  o f  
d e h y d r o a s c o r b a t e  i n  p lasma o f  c h i l d r e n  o f  sm o k in g  p a r e n t s .  
D e c r e a s e d  p lasma v i t a m i n  C c o n c e n t r a t i o n s  r e p o r t e d  by D u t h i e  e t  
a l .  / 8 /  and by K a l n e r  e t  a l .  / 1 2 /  have been r e g a r d e d  as a 
c o n s e q u e n c e  o f  g r e a t e r  v i t a m i n  C t u r n o v e r  i n  r e s p o n s e  t o  a 
s u s t a i n e d  o x i d a n t  l o a d  r a t h e r  t h a n  a d e c r e a s e d  d i e t a r y  i n t a k e .  
E l e v a t e d  p lasma c o n j u g a t e d - d i e n e s  c o n c e n t r a t i o n s  s u g g e s t  t h a t
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TABLE V
V a r i a b l e s  s i g n i f i c a n t l y  a s s o c i a t e d  w i t h  i n c r e a s i n g  age ( y e a r s )
C o v a r i a t e S l o p e  o f  
c o v a r i a t e
S t a n d a r d
e r r o r
T o t a l  c h o l e s t e r o l 0 . 0 0 1 0 . 0 5 0 0 . 0 2 5 4
E r y t h r o c y t e  v i t a m i n  E 0 . 0 5 0 . 0 1 5 5 0 . 0 0 8 8
Plasma v i t a m i n  E 0 . 0 0 1 0 . 2 3 7 0 . 0 8 6 6
C o n j u g a t e d  d i e n e s 0 . 0 0 1 2 . 4 5 0 . 6 7 1
l i p i d  p e r o x i d a t i o n  i s  enhanced  i n  c h i l d r e n  o f  sm ok ing  p a r e n t s .  I n  
n o rm a l  human e r y t h r o c y t e s  p l asma l e v e l s  o f  o x i d i z e d  g l u t a t h i o n e  
a re  l o w  / 1 ,  1 4 / ,  and any  e l e v a t i o n  o f  o x i d i z e d  g l u t a t h i o n e  
s u g g e s t  p a t h o l o g y .  A l t h o u g h  t h e  d i e n e s  d i d  n o t  re sp o n d  t o  v i t a m i n  
E s u p p l e m e n t a t i o n ,  t h e  s u s c e p t i b i l i t y  o f  e r y t h r o c y t e s  t o  
p e r o x i d i z e  i n  v i t r o  was m a r k e d l y  d e c r e a s e d  i n  s u p p l e m e n t e d  
c h i l d r e n  o f  sm ok i ng  p a r e n t s .
The a g e - a s s o c i a t e d  i n c r e a s e  i n  p la sm a  c h o l e s t e r o l  i s  w e l l -  
d o c um en te d  / 2 / ,  L D L - a s s o c i a t e d  c h o l e s t e r o l  i s  a m a j o r  c a r r i e r  o f  
v i t a m i n  E i n  t h e  b l o o d .  D e s p i t e  t h e  r e l a t i v e  i n c r e a s e  i n  p l a s m a  
v i t a m i n  E w i t h  age ,  c o n j u g a t e d  d i e n e s  were a l s o  e l e v a t e d ,  
s u g g e s t i n g  t h a t  p e r o x i d a t i o n  o f  endogenous  f a t t y  a c i d s  i s  more 
marked  i n  o l d e r  c h i l d r e n .  The e v i d e n c e  we r e p o r t  l e n d s  f u r t h e r  
s u p p o r t  t o  t h e  o b s e r v a t i o n  t h a t  p a s s i v e  s m o k i n g  may i n c r e a s e  t h e  
r i s k  o f  s u b s e q u e n t  a t h o r e m a  f o r m a t i o n ,  and s u g g e s t s  t h a t  i t  is 
p a r t i c u l a r l y  i m p o r t a n t  t o  p r o t e c t  c h i l d r e n  f r o m  t h i s  
e n v i r o n m e n t a l  h a z a r d .
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SHOULD ANORECTAL MANOMETRY BE PERFORMED IN HIRSCHSPRUNG'S
DISEASE?
A. HOCK, S a r o l t a  APPELSHOFFER, M. JAINSCH
S u r g i c a l  U n i t ,  D e p a r t m e n t  o f  P a e d i a t r i c s ,  U n i v e r s i t y  M e d i c a l  
S c h o o l  o f  Pécs ,  H u n g a r y
R e c e i v e d  31 March  1993
T h i s  s t u d y  a ims  t o  a s s e s s  t h e  d i a g n o s t i c  v a l u e  o f  
a n o r e c t a l  man om et r y  i n  H i r s c h s p r u n g ' s  d i s e a s e  as 
compared  w i t h  r a d i o l o g i c a l  s t u d i e s  and h i s t o l o g y .  
T w e n t y - s i x  p a t i e n t s  t r e a t e d  f o r  c o n g e n i t a l  
a g a n g l i o n o s i s  o f  t h e  c o l o n  a t  t h e  S u r g i c a l  U n i t  o f  t h e  
D e p a r t m e n t  o f  P a e d i a t r i c s ,  U n i v e r s i t y  M e d i c a l  S c h o o l ,  
Péc s ,  H u n g a r y  be tw een 1984 and  1991 s e r v e d  as p a t i e n t  
m a t e r i a l .  The r e s u l t s  i n d i c a t e  t h a t  a n o r e c t a l  man om et r y  
o f f e r s  a t  l e a s t  as h i g h  d i a g n o s t i c  a c c u r a c y  as 
r a d i o l o g y  and h i s t o l o g y .  T h i s  makes man om et r y  an 
i m p o r t a n t  d i a g n o s t i c  a i d  i n  t h e  d i f f e r e n t i a l  d i a g n o s i s  
o f  t h e  n e o n a t a l  i n t e s t i n a l  o b s t r u c t i o n ,  as w e l l  as o f  
t h e  c h r o n i c  c o n s t i p a t i o n  i n  c h i l d h o o d .
INTRODUCTION
The o b s e r v a t i o n s  w h i c h  made p o s s i b l e  t h e  i n t r o d u c t i o n  o f  
a n o r e c t a l  ma nomet ry  as one o f  t h e  d i a g n o s t i c  t o o l s  i n  
a g a n g l i o n o s i s  o f  t h e  i n t e s t i n a l  t r a c t  a r e  o f  g r e a t  i m p o r t a n c e .  
I t  was Gowers i n  1887 who f i r s t  r e c o g n i z e d  t h a t  a r t e f i c i a l  
r e c t a l  d i s t e n s i o n  r e s u l t e d  i n  r e l a x a t i o n  o f  t h e  i n t e r n a l  
s p h i n c t e r  m u s c l e  o f  t h e  r e c t u m  i n  h e a l t h y  i n d i v i d u a l s  / 3 / .  T h i s  
r e s p o n s e  o f  t h e  s m o o t h - m u s c l e  s p h i n c t e r  has been t e r m e d  t h e  
r e c t o s p h i n c t e r i c  r e f l e x .  I n  1901 T i t t e l  p r e s e n t e d  t h e  c ase  o f  
an i n f a n t  w i t h  c h r o n i c  c o n s t i p a t i o n  s i n c e  b i r t h  i n  whom t h e  
ab sence  o f  r e c t a l  g a n g l i o n  c e l l s  was d e m o n s t r a t e d  / 1 / .  These  
o b s e r v a t i o n s  d i d  n o t  a t t r a c t  much a t t e n t i o n  u n t i l  1964 when 
C a l l a g h a n  and N i x o n  f i r s t  r e p o r t e d  t h a t  t h e  p r e s e n c e  o f  r e c t a l
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g a n g l i o n  c e l l s  was e s s e n t i a l  f o r  t h e  r e c t o s p h i n c t e r i c  r e f l e x  
/ 8 / .  T h i s  was t h e  f i n a l  s t e p  i n  t h e  i n t r o d u c t i o n  o f  a n o r e c t a l  
m a n o m e t r y  as an i m p o r t a n t  d i a g n o s t i c  method  i n  H i r s c h s p r u n g ' s  
d i s e a s e  and i n  i t s  d i f f e r e n t i a t i o n  f r o m  c h r o n i c  c o n s t i p a t i o n .
The d i a g n o s t i c  v a l u e  o f  t h e  r a d i o l o g i c a l ,  h i s t o l o g i c a l ,  
h i s t o c h e m i c a l  and m a n o m e t r i c a l  m et hods  has a r i s e n  keen 
c o n t r o v e r s y  i n  t h e  l i t e r a t u r e  w h i c h  may be e x p l a i n e d  by t h e  
f a c t  t h a t  d i f f e r e n t  i n s t i t u t i o n s  a p p r o a c h e d  t h e  s u b j e c t  i n  
d i f f e r e n t  ways / 3  , 5 ,  9 ,  1 1 / .  The a im o f  t h i s  r e t r o s p e c t i v e  
s t u d y  was t o  a s s e s s  t h e  a c c u r a c y  o f  ma nomet ry  i n  t h e  d i a g n o s i s  
o f  H i r s c h s p r u n g ' s  d i s e a s e .  A c o m p a r i s o n  o f  m a nom e t r y ,  h i s t o l o g y  
and  r a d i o l o g y  was c o n d u c t e d  i n  o u r  p a t i e n t s  w i t h  r e s p e c t  t o  
r e l i a b i l i t y .
MATERIAL AND METHOD
T w e n t y - s i x  n e o n a t e s ,  i n f a n t s  and c h i l d r e n  i n  t h e  S u r g i c a l  
U n i t  o f  t h e  D e p a r t m e n t  o f  P e d i a t r i c s ,  U n i v e r s i t y  M e d i c a l  S c h o o l  
o f  P é c s ,  Hung ary  w e re  t r e a t e d  s u r g i c a l l y  f o r  H i r s c h s p r u n g ' s  
d i s e a s e .  Mean age a t  d i a g n o s i s  was 2 2 . 2  months  ( r a n g e  2 d ays  - 
135 m o n t h s ) .  D i a g n o s i s  was e s t a b l i s h e d  i n  t h e  f i r s t  y e a r  o f  
l i f e  i n  a b o u t  t w o - t h i r d  o f  p a t i e n t s .  Sex d i s t r i b u t i o n  was 3 . 3  : 
1 i n d i c a t i n g  a ma le  p r e d o m i n a n c e .  I n d i c a t i o n  f o r  s u r g i c a l  
t r e a t m e n t  was based  on t h e  case  h i s t o r y ,  c l i n i c a l  s i g n s ,  
r a d i o l o g i c a l ,  h i s t o l o g i c a l  and m a n o m e t r i c a l  i n v e s t i g a t i o n s .  
S p e c i m e n s  f o r  h i s t o l o g y  were o b t a i n e d  a t  t h e  t i m e  o f  t h e  
c o l o s t o m y  e s t a b l i s h m e n t .  I f  i t  was p o s s i b l e  t o  i d e n t i f y  a 
t r a n s i t i o n  zo ne ,  s p e c i m e n s  were  t a k e n  f r o m  t h e  n a r r o w e d  b o w e l ,  
t h e  f u n n e l - s h a p e d  zone  and t h e  d i l a t e d  c o l o n  w h ic h  e n s u r e d  a 
l e v e l l i n g - t y p e  o f  h i s t o l o g y .  I n  c a s e s  where  t h e  e x t e n s i o n  o f  
a g a n g l i o n o s i s  ( s h o r t - u l t r a s h o r t  s e g m e n t )  p r e v e n t e d  us f r o m  
t a k i n g  b i o p s i e s  a t  t h e  s i t e  o f  t h e  a g a n g l i o n i c  c o l o n ,  
h i s t o l o g i c a l  i n v e s t i g a t i o n s  were p e r f o r m e d  3 -6  months  l a t e r  on 
s p e c i m e n s  o b t a i n e d  f r o m  t h e  l e f t  w a l l  o f  t h e  r e c t u m .  I n  c a s e s  
o f  n e o n a t a l l y  m a n i f e s t e d  H i r s c h s p r u n g ' s  d i s e a s e  no a n o r e c t a l  
m a n o m e t r y  was done b e f o r e  t h e  age o f  8 days as s u g g e s t e d  by 
H o l s c h n e i d e r  / 5 / .  A d e t a i l e d  d e s c r i p t i o n  o f  t h e  m e th od  o f  
a n o r e c t a l  manomet ry  as p e r f o r m e d  i n  o u r  u n i t  was g i v e n  i n  a 
p r e v i o u s  a r t i c l e  / 4 / .  The d i a g n o s i s  o f  c o n g e n i t a l  a g a n g l i o n o s i s  
was c o n s i d e r e d  as e s t a b l i s h e d  i f  a t  mano me t ry  r e c t a l  d i s t e n s i o n  
was n o t  f o l l o w e d  by a d r o p  i n  p r e s s u r e  a t  t h e  s i t e  o f  t h e  
i n t e r n a l  s p h i n c t e r  ( l a c k  o f  t h e  r e c t o s p h i n c t e r i c  r e f l e x ) .  The 
r e s u l t s  o f  r a d i o l o g i c a l  and h i s t o l o g i c a l  i n v e s t i g a t i o n s  were  
r e g a r d e d  as p o s i t i v e  i f  t h e y  u n a m b i g u o u s l y  d e m o n s t r a t e d  
H i r s c h s p r u n g ' s  d i s e a s e ,  amb ig uous  i f  t h e r e  were  d o u b t s  a b o u t
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t h e  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  and n e g a t i v e  i f  i t  was 
p o s s i b l e  t o  e x c l u d e  a g a n g l i o n o s i s  as t h e  u n d e r l y i n g  p a t h o l o g y .
RESULTS
R a d i o l o g i c a l  i n v e s t i g a t i o n s  p r o v e d  t h e  p r e s e n c e  o f  
H i r s c h s p r u n g ' s  d i s e a s e  i n  17 o f  26 c a s e s ,  w h i l e  i n  8 c a s e s  a 
c o r r e c t  d i a g n o s i s ,  based  on r a d i o l o g y  p r o v e d  t o  be a m b i g u o u s  and 
i n  1 ca se  a g a n g l i o n o s i s  c o u l d  be e x c l u d e d .  H i s t o l o g y  
d e m o n s t r a t e d  no g a n g l i o n  c e l l s  i n  s p e c i m e n s  o f  17 p a t i e n t s ,  t h e  
r e p o r t s  were  i n c o n c l u s i v e  i n  4 c a s e s  and i n  5 c a s e s  t h e r e  were  
g a n g l i a  p r e s e n t  i n  t h e  s p e c i m e n s  a c c o r d i n g  t o  t h e  h i s t o l o g y  
r e p o r t s .  A n o r e c t a l  ma nom e t ry  showed t h e  absence  o f  i n t e r n a l  
s p h i n c t e r  r e l a x a t i o n  i n  25 c a s e s .  I n  one p a t i e n t  ch a n g e s  i n  t h e  
t r a c e  due t o  r e c t a l  d i s t e n s i o n  were seen  and i n t e r p r e t e d  as t h e  
r e s u l t  o f  a n o r m a l  r e c t o s p h i n c t e r i c  r e f l e x .  N e v e r t h e l e s s ,  i n  
t h i s  l a s t  case  t h e  h i s t o l o g y  showed t h e  p r e s e n c e  o f  i n t r a m u r a l  
g a n g l i o n  c e l l s ,  t h e r e f o r e ,  t h e r e  was a s t r o n g  s u g g e s t i o n  f o r  
t h e  c l i n i c a l  s i g n s  t y p i c a l  f o r  H i r s c h s p r u n g ' s  d i s e a s e  t o  be 
r e l a t e d  t o  n e u r o n a l  i n t e s t i n a l  d y s p l a s i a .
The r e s u l t s  r e g a r d i n g  t h e  d i a g n o s t i c  v a l u e  o f  d i f f e r e n t  
d i a g n o s t i c  metho ds  a r e  shown i n  t h e  T a b l e .
T a b l e  I
D i a g n o s i s
D i a g n o s t i c  method
r a d i o l o g y h i s t o l o g y manomet ry s u r g e r y
H i r s c h s p r u n g 1 7 /2 6 17 /2 6 25 /2 6 2 6 / 2 6
N o n - H i r s c h s p r u n g 1 / 2 6 5 / 2 6 1 /2 6 0 / 2 6
Ambi guous 8 / 2 6 4 / 2 6 None None
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DISCUSSION
The l e c t u r e  g i v e n  by H a r a l d  H i r s c h s p r u n g  i n  B e r l i n  i n  1886 
was t h e  f i r s t  s t e p  i n  t h e  t r e a t m e n t  o f  a c o n g e n i t a l  d i s o r d e r  o f  
t h e  i n t e s t i n a l  t r a c t  i n n e r v a t i o n  w h i c h  was t o  be f a t a l  f o r  60 
y e a r s  f o l l o w i n g  t h i s  p r e s e n t a t i o n .  A f e w  y e a r s  l a t e r  i n  1878 ,  
Go w ers  o b s e r v e d  t h a t  i n  re s p o n s e  t o  r e c t a l  d i s t e n s i o n  t h e  
p r e s s u r e  o f  t h e  i n t e r n a l  a n a l  s p h i n c t e r  d e c r e a s e d  t e m p o r a r i l y  
/ 3 / .  T h i s  phenomenon has been t e r m e d  t h e  r e c t o s p h i n c t e r i c  
r e f l e x .  T i t t e l ' s  o b s e r v a t i o n  i n  1 9 0 1 ,  t h a t  no g a n g l i o n  c e l l s  
w e r e  d e m o n s t r a b l e  i n  t h e  r e c t u m  o f  an i n f a n t  s u f f e r i n g  f r o m  
c h r o n i c  c o n s t i p a t i o n  s i n c e  b i r t h  / 1 / ,  r e c e i v e d  no a t t e n t i o n  f o r  
d e c a d e s .  C a l l a g h a n  and  N ix o n  were t h e  f i r s t  t o  r e a l i z e  t h a t  t h e  
p r e s e n c e  o f  i n t r a m u r a l  g a n g l i a  r e s u l t e d  i n  n o r m a l  
r e c t o s p h i n c t e r i c  r e f l e x  i n  c h r o n i c a l l y  c o n s t i p a t e d  c h i l d r e n ,  
b u t  n o t  i n  c h i l d r e n  w i t h  H i r s c h s p r u n g ' s  d i s e a s e  / 8/ .  Nowadays 
t h e  c l a s s i c a l  f o r m  o f  a g a n g l i o n o s i s  can  be seen i n  o n l y  l e s s  
t h a n  10% o f  a l l  c a s e s  / 7 / .  I n  t h e  g r e a t  m a j o r i t y  o f  p a t i e n t s  
d i a g n o s i s  i s  e s t a b l i s h e d  d u r i n g  t h e  n e o n a t a l  p e r i o d  b e c a u s e  o f  
t h e  e a r l y  p r e s e n t a t i o n  o f  t h e  i n t e s t i n a l  o b s t r u c t i o n .  I n  t h e  
m i n o r i t y  o f  t h e  p a t i e n t s  th e  c o u r s e  o f  t h e  d i s e a s e  i s  b e n i g n  
and  a g a n g l i o n o s i s  w i l l  be d i a g n o s e d  d u r i n g  i n v e s t i g a t i o n s  f o r  
c h r o n i c  c o n s t i p a t i o n .  De lay  i n  e s t a b l i s h i n g  t h e  p r o p e r  
d i a g n o s i s  o f  c o n g e n i t a l  a g a n g l i o n o s i s  p r i m a r i l y  i n  n e o n a t e s ,  
w i l l  r e s u l t  i n  i n c r e a s e d  m o r t a l i t y  / 2 ,  5 ,  7 / .  I n  i n f a n t s  and 
n e o n a t e s  w i t h  H i r s c h s p r u n g ' s  d i s e a s e  t o x i c  e n t e r o c o l i t i s  due t o  
t h e  u n d e r l y i n g  p a t h o l o g y  i s  r e s p o n s i b l e  f o r  30-70% o f  a l l  
d e a t h s  / 2 / .  I n  t h e  l a s t  d e c a d e ^ t h i s  h i g h  m o r t a l i t y  r a t e  has 
b e e n  re d u ce d  t o  0% i n  some c e n t e r s  / 1 0 / .  T h i s  o b v i o u s l y  
r e m a r k a b l e  i m p r o v e m e n t  i n  s u r v i v a l  can  be e x p l a i n e d  by e a r l y  
r e c o g n i t i o n  o f  c o n g e n i t a l  a g a n g l i o n o s i s ,  w h ic h  i s  based  
p r i m a r i l y  on t h e  c o m b i n e d  a p p l i c a t i o n  o f  i m m u n o h i s t o c h e m i s t r y , 
r a d i o l o g y ,  h i s t o l o g y  and a n o r e c t a l  m a n o m e t r y .  The p r e s e n c e  o f  
i n c r e a s e d  a c e t y l c h o l i n e s t e r a s e  a c t i v i t y  i n  t h e  a f f e c t e d  segment  
o f  t h e  i n t e s t i n a l  t r a c t  i s  r e g a r d e d  as t h e  most  r e l i a b l e  
e v i d e n c e  o f  H i r s c h s p r u n g ' s  d i s e a s e .  H o w e v e r ,  t h e r e  a r e  r e p o r t s  
on t h e  l i m i t e d  d i a g n o s t i c  v a l u e  o f  i m m u n o h i s t o c h e m i s t r y  i n  t h e
Anorectal manometry 91
f i r s t  6 - 9  mont hs  o f  l i f e .  Some d a t a  i n  t h e  l i t e r a t u r e  a l s o  
p o i n t  t o w a r d s  t h e  p i t f a l l s  and l i m i t a t i o n s  o f  r a d i o l o g y  and 
m an o m e t r y .  R e g a r d i n g  t h e  a n o r e c t a l  m anom e t ry  s e v e r a l  r e p o r t s  
c l a i m  d i a g n o s t i c  v a l u e s  w i t h  a s u c c e s s  r a t e  o f  75-100% / 5 / .  I n  
v i e w  o f  t h e  f a c t  t h a t  a n o r e c t a l  m anom e t ry  i s  t h e  o n l y  
f u n c t i o n a l  d i a g n o s t i c  method  t a r g e t i n g  t h e  p r e s e n c e  o r  a b s e n c e  
o f  t h e  r e c t o s p h i n c t e r i c  r e f l e x  and t h a t  i t  may be p e r f o r m e d  
a l m o s t  w i t h o u t  l i m i t a t i o n  o f  age ,  m an o m e t r y  may be c o n s i d e r e d  a 
s a f e ,  r e l i a b l e  d i a g n o s t i c  a i d  i n  H i r s c h s p r u n g ' s  d i s e a s e .  
F u r t h e r m o r e ,  i t s  r e l i a b l i l i t y  i s  n o t  a f f e c t e d  by p r e v i o u s  
m a n i p u l a t i o n s  on t h e  a n o r e c t u m .  N e v e r t h e l e s s ,  t h e  r e l i a b i l i t y  
o f  t h e  d i f f e r e n t  d i a g n o s t i c  methods  has been t h e  s u b j e c t  o f  
much c o n t r o v e r s y  / 3  , 5 ,  9,  1 1 / .  I n  a g r e e m e n t  w i t h  J o p p i c h  and 
I w a i  / 6 , 7 /  we do n o t  r e g a r d  any o f  t h e  a b o v e - m e n t i o n e d  
d i a g n o s t i c  meth ods  as t h e  b e s t  and f a v o u r  t h e i r  co m b i n e d  
a p p l i c a t i o n  t o  e n s u r e  e a r l y  r e c o g n i t i o n  o f  H i r s c h s p r u n g ' s  
d i s e a s e .  A n o r e c t a l  m a n o m e t r y ,  w h i c h  has  been p r a c t i s e d  on a 
r e g u l a r  b a s i s  i n  ou r  u n i t  s i n c e  1984 has  p r o v e d  t o  be a t  l e a s t  
as u s e f u l  as h i s t o l o g y  and r a d i o l o g y  i n  d i a g n o s i n g  c o n g e n i t a l  
a g a n g l i o n o s i s . H o w e ve r ,  when c o m p a r i n g  m a n o m e t r y ,  r a d i o l o g y  and 
h i s t o l o g y  i t  s h o u l d  be b o rn e  i n  m i nd  t h a t  our  h i s t o l o g i c a l  
i n v e s t i g a t i o n s  d i d  n o t  i n c l u d e  t h e  a c e t y l c h o l i n e s t e r a s e  
r e a c t i o n .  S i n c e  m a n o m e t r i c a l  d i a g n o s i s  i s  based on t h e  
d e t e c t i o n  o f  a d i s o r d e r  o f  n e u r o m u s c u l a r  f u n c t i o n ,  i t s  a c c u r a c y  
i s  t h e o r e t i c a l l y  100%. I n  v i e w  o f  i t s  n o n i n v a s i v e n e s s , 
i n d e p e n d e n c e  o f  age and p r e v i o u s  r e c t a l  m a n i p u l a t i o n s  ( r e c t a l  
e x a m i n a t i o n  r e c t a l  s u c t i o n  b i o p s y ,  b a r i u m  enema) and d i a g n o s t i c  
a c c u r a c y ,  t h e  use o f  a n o r e c t a l  man om et r y  i s  h i g h l y  recommended 
i n  H i r s c h s p r u n g ' s  d i s e a s e .
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The a im o f  t h i s  s t u d y  i s  t o  d e t e r m i n e  a s p e c i f i c  
b r o n c h i a l  r e a c t i v i t y  i n  h e a l t h y  c h i l d r e n  whose p a r e n t s  
were t r e a t e d  f o r  c h i l d h o o d  a s t h m a .  B r o n c h i a l  c h a l l e n g e  
w i t h  f o u r  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  a c e t y l c h o l i n e  
( 1 . 2 5 ,  2 . 5 ,  5 . 0 ,  1 0 . 0  m g / m l )  was c a r r i e d  o u t  i n  82 
i n d i v i d u a l s :  28 h e a l t h y  ( H A ) ,  24 a t o p i c  (AA) c h i l d r e n  
o f  a s t h m a t i c s ;  30 c o n t r o l  h e a l t h y  ( H N i )  c h i l d r e n  f r o m  
non - a t o p i c  f a m i l i e s .  The members o f  t h e  HA g r o u p  
e x h i b i t e d  a l a r g e r  p e r c e n t  d e c r e a s e  i n  FEV^ v a l u e s  a t  
each a c e t y l c h o l i n e  c o n c e n t r a t i o n  t h a n  t h a t  o f  t h e  HNi 
g ro u p  ( 1 . 2 5  m g / m l :  6 . 2  v e r s u s  + 0 . 3 ;  2 . 5  m g / m l :  7 . 9  
v e r s u s  3 . 7 ;  5 . 0  m g / m l :  1 1 . 5  v e r s u s  5 . 3 ;  10 m g / m l :  1 6 . 8  
v e r s u s  1 1 . 0 ) .  P h y s i c a l  e x e r c i s e  ( f r e e  r u n n i n g )  was 
c a r r i e d  o u t  i n  153 c h i l d r e n :  30 HA, 26 AA and  97 
c o n t r o l  h e a l t h y  (HN2 ) c h i l d r e n  f r o m  non a t o p i c  
f a m i l i e s .  The HA g r o u p  showed somewhat  g r e a t e r  ( 4 . 6 %  
v e r s u s  0 . 6%) d e c r e a s e  i n  FEV^ v a l u e s  a f t e r  e x e r c i s e  
compared  t o  t h e  HN2 g r o u p .  H e a l t h y  c h i l d r e n  o f  
a s t h m a t i c s  (HA) d i s p l a y  h i g h e r  a s p e c i f i c  b r o n c h i a l  
r e a c t i v i t y  t h a n  h e a l t h y  c h i l d r e n  f r o m  non a t o p i c  
f a m i l i e s  (HN) and fo r m  an i n t e r m e d i a t e  g r o u p  b e t w e e n  
a t o p i c  (AA)  and h e a l t h y  (HN) c h i l d r e n .
INTRODUCTION
B r o n c h i a l  as thma i s  a l m o s t  a l w a y s  a cco m pan ie d  by b r o n c h i a l  
h y p e r r e a c t i v i t y .  H o w eve r ,  t h i s  h y p e r r e a c t i v i t y  can a l s o  be 
d e t e c t e d  i n  c o n n e c t i o n  w i t h  s e v e r a l  o t h e r  c o n d i t i o n s  e . g .  weeks  
a f t e r  a i r w a y  i n f e c t i o n ,  y e a r s  a f t e r  n e o n a t a l  v e n t i l a t i o n ,  
a l l e r g i c  r h i n i t i s ,  c h r o n i c  b r o n c h i t i s  and i n  s u b j e c t s  w i t h  a
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f a m i l y  h i s t o r y  o f  a t o p y  / 1 , 1 2 , 2 0 / .
W i t h  t h e  h e l p  o f  a p p r o p r i a t e  m e t h o d s ,  a s p e c i f i c  b r o n c h i a l  
h y p e r r e a c t i v i t y  can  be d e t e c t e d  i n  t h e  m a j o r i t y  (more  t h a n  90%) 
o f  a s t h m a t i c s .  I n  t h e  c o u r s e  o f  b r o n c h i a l  c h a l l e n g e  p e r f o r m e d  
w i t h  a c e t y l c h o l i n e ,  m e t a c h o l i n e ,  h i s t a m i n e ,  e t c .  t h e  r e s u l t s  o f  
d o s e - r e s p o n s e  a n a l y s i s  s u g g e s t  d e f i n i t e  d i f f e r e n c e s  be tw een  
a s t h m a t i c s  and non a s t h m a t i c s  / 6 , 1 5 ,  2 7 ,  28 ,  30 ,  3 1 / .
Pu lm onar y  f u n c t i o n  t e s t s  p e r f o r m e d  b e f o r e  and a f t e r  
e x e r c i s e  may be u s e f u l  i n  d e t e c t i n g  t h e  e x e r c i s e - i n d u c e d  
b r o n c h o s p a s m  w h i c h  i s  an i m p o r t a n t  f e a t u r e  o f  n o n - s p e c i f i c  
b r o n c h i a l  h y p e r r e a c t i v i t y  / 1 3 ,  21 ,  2 2 / .
The aim o f  t h i s  s t u d y  i s  t o  d e t e r m i n e  t h e  a s p e c i f i c  
b r o n c h i a l  r e a c t i v i t y  i n  t h o s e  c h i l d r e n  o f  ou r  f o r m e r  a s t h m a t i c  
p a t i e n t s  who do n o t  p r e s e n t  c l i n i c a l  s i g n s  o f  o b s t r u c t i v e  
p u l m o n a r y  d i s e a s e  o r  any o t h e r  c o m p l a i n t s  o f  p o s s i b l e  a t o p i c  
o r i g i n .  The q u e s t i o n  i s :  do t h e y  g i v e  an a l t e r e d  b r o n c h i a l  
r e a c t i v i t y  comp ar ed  t o  h e a l t h y  c h i l d r e n  o f  n o n - a t o p i c  f a m i l i e s .
PATIENTS AND METHODS
P a t i  e n t s : we f o l l o w e d  t h e  h i s t o r y  o f  a d u l t s  t r e a t e d  w i t h
b r o n c h i a l  as thma i n  t h e i r  c h i l d h o o d  a t  o u r  D e p a r t m e n t  / 9 ,  10 ,  
1 1 / .  To c o l l e c t  d a t a  on i n h e r i t a n c e  o f  b r o n c h i a l  
h y p e r r e a c t i v i t y  we i n v e s t i g a t e d  t h e i r  c h i l d r e n .
Among t h e  m e n t i o n e d  p a t i e n t s  195 had c h i l d r e n  a l r e a d y  -  
a l t o g e t h e r  311 .  We s e n t  q u e s t i o n n a r i e s  c o n c e r n i n g  t h e  age and 
d i s e a s e s  o f  t h e i r  c h i l d r e n :  83 ( 2 6 . 8 % )  were shown t o  have  some 
f o r m  o f  a t o p i c  d i s e a s e :  b r o n c h i a l  a s th m a  68 (2 1 . 9 % )  a l l e r g i c  
r h i n i t i s / c o n j u n c t i v i t i s  7 (2 . 3 % )  and a t o p i c  eczema 8 ( 2 . 6 % ) ,
w h i l e  228 were  h e a l t h y .  The t y p e  o f  d r u g s  and o t h e r  t h e r a p y  
i n s t i t u t e d  was e v a l u a t e d .
I n  r a n d o m l y  s e l e c t e d  g ro u p s  o f  t h e s e  c h i l d r e n  t h e  non­
s p e c i f i c  b r o n c h i a l  r e a c t i v i t y  i n d u c e d  by a c e t y l c h o l i n e  and 
p h y s i c a l  e x e r c i s e  ( f r e e  r u n n i n g )  w e re  exa m in e d .  Among t h e  
c h o o s e d  c h i l d r e n  52 were  a b l e  t o  p a r t i c i p a t e  i n  t h e  b r o n c h i a l  
c h a l l e n g e  w i t h  a c e t y l c h o l i n e  and 56 i n  t h e  p h y s i c a l  e x e r c i s e .  
They  were b e tw e e n  5 -1 4  y e a r s  o f  a g e ,  o n l y  one o f  them was 4 
y e a r s  o l d .
T h i r t y  c h i l d r e n  w e re  s y m p t o m - f r e e  and no a t o p i c  d i s e a s e  
o c c u r r e d  i n  t h e i r  p e r s o n a l  h i s t o r y ,  t h e y  w i l l  be r e f e r r e d  t o  as 
h e a l t h y  c h i l d r e n  o f  a s t h m a t i c s  ( H A ) :  
n : 26 ,  1 a s t h m a t i c  p a r e n t  
n : 1 , 2 a s t h m a t i c  p a r e n t s
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n :  2,  1 a s t h m a t i c  p a r e n t ,  1 p a r e n t  w i t h  a l l e r g i e  r h i n i t i s
n :  1,  1 a s t h m a t i c  p a r e n t ,  1 p a r e n t  w i t h  a t o p i e  eczema.
The h i s t o r y  o f  26 c h i l d r e n  p r e s e n t e d  w i t h  a t o p i c  d i s e a s e  
(2 3  b r o n c h i a l  a s t h m a ,  2 a l l e r g i c  r h i n i t i s ,  1 a t o p i c  e c z e m a ) :  
t h e y  w i l l  be r e f e r r e d  t o  as a t o p i c  c h i l d r e n  o f  a s t h m a t i c s  ( A A ) :  
n :  23 ,  1 a s t h m a t i c  p a r e n t
n :  1, 2 a s t h m a t i c  p a r e n t s
n : 2,  1 a s t h m a t i c  p a r e n t ,  1 p a r e n t  w i t h  a t o p i c  eczema
We had 30 c o n t r o l  c h i l d r e n  ( H N i )  i n  t h e  a c e t y l c h o l i n e  
c h a l l e n g e  and 97 c o n t r o l  c h i l d r e n  (HNo)  i n  t h e  p h y s i c a l  
e x e r c i s e  t e s t .  These  c h i l d r e n  and t h e i r  f i r s t - g r a d e  r e l a t i v e s  
do n o t  s u f f e r  f r o m  any  a t o p i c  d i s e a s e s :  t h e  d e t a i l e d  h i s t o r y  
has been t a k e n  by one o f  t h e  i n v e s t i g a t o r s .  T a b le  I  c o n t a i n s  
t h e  d a t a  o f  t h e  e x a m i n e d  c h i l d r e n .
TABLE I
Sex and age d i s t r i b u t i o n  o f  t h e  e x a m i n e d  c h i l d r e n
H e a l t h y  c h i l d r e n  o f  a s t h m a t i c s  ( H A ) :  n :  30
b o y s :  1 6 ,  g i r l s  : 14 
mean a g e :  8 . 5  y e a r s  +_ SD 2 . 7
A t o p i c  c h i l d r e n  o f  a s t h m a t i c s  ( A A ) :  n:  26
b o y s  : 1 6 ,  g i r l s  : 10 
mean a g e :  8 . 3  y e a r s  +_ SD 2 . 4
H e a l t h y  c o n t r o l s  f o r  a c e t y l c h o l i n e  (HN^)  n:  30
b o y s  : 1 4 ,  g i r l s  : 16 
mean a g e :  1 0 .1  y e a r s  +_ SD 2 . 0  
H e a l t h y  c o n t r o l s  f o r  p h y s i c a l  e x e r c i s e  (HN2 ) :  n : 97 
b o y s :  6 0 ,  g i r l s :  37 
mean a g e :  1 0 . 6  y e a r s  +_ SD 3 . 5
Metho ds  : b e f o r e  t h e  a c e t y l c h o l i n e  c h a l l e n g e  a s p i r o m e t r y  
was t a k e n  by a s p i r o g r a p h  SP 21 ( M e d i c o r ) .  The n o r m a l  v a l u e s  
a c c o r d i n g  t o  Z a p l e t a l  / 3 3 /  were used as r e f e r e n c e s .
A c e t y l c h o l i n e  c h a l l e n g e : t h e  c h i l d r e n  were t o l d  t o  b r e a t h e  
on t i d a l  l e v e l  f r o m  t h e  b u f f e r e d  a c e t y l c h o l i n e  s o l u t i o n s  w h i c h  
were  n e b u l i s e d  w i t h  TUR-USI 50 u l t r a s o n i c  n e b u l i z e r  f o r  2 
m i n u t e s ;  t h e  c o n t r o l  was p h y s .  s a l i n e  s o l u t i o n .  The o u t p u t  o f  
t h e  u l t r a s o n i c  n e b u l i s e r  r e a c h e d  a s t e a d y  s t a t e  a f t e r  8 - 1 0  
m i n u t e s  o f  w o r k i n g :  1 . 3 5  ml _+ SD 0 . 1 1  m l / 2  m i n u t e s .  We used  i t  
a f t e r  10 m i n u t e s  o f  n e b u l i s i n g .  The f o l l o w i n g  a c e t y l c h o l i n e  
c o n c e n t r a t i o n s  w ere  used  f o r  t h e  c h a l l e n g e s :  1 . 2 5 ,  2 . 5 ,  5 . 0 ,  
1 0 . 0  m g / m l .  The FEV^ v a l u e s  were d e t e r m i n e d  1 , 3 , 5  m i n u t e s  a f t e r  
t h e  a c e t y l c h o l i n e  i n h a l a t i o n .  The c h a l l e n g e  was f i n i s h e d  e i t h e r
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when t h e  d e c r e a s e  o f  FEV^ ex ce eded  25% compared  t o  t h e  i n i t i a l  
v a l u e s ,  or  a f t e r  h a v i n g  i n h a l e d  t h e  10 mg/ml  a c e t y l c h o l i n e  f o r  
2 m i n u t e s .  The d e g r e e  o f  b ro n c h o s p a s m  was e x p r e s s e d  as t h e  
p e r c e n t  f a l l  o f  t h e  FEV^.
The p h y s i c a l  e x e r c i s e  i n v o l v e d  o u t d o o r  r u n n i n g  (1  o f  May 
15 o f  J u n e ) . The c h i l d r e n  r a n  f o r  6 m i n u t e s  w i t h  an 
i n t e n s i t y  t h a t  t h e i r  p u l s e  r a t e s  s h o u l d  exceed  1 7 0 / m i n  by t h e  
end  o f  t h e  second  m i n u t e  and t h i s  s h o u l d  r e m a in  on t h i s  l e v e l  
u n t i l  t h e  end o f  t h e  e x e r c i s e .  The FEVi v a l u e s  were  measu re d  
3 , 5 , 1 0 , 1 6  and 20 m i n u t e s  a f t e r  t h e  p h y s i c a l  c h a l l e n g e .  The 
m a x i m a l  f a l l  o f  FEV^ was r e g i s t e r e d  and t h e  c h a n g e  was 
e x p r e s s e d  as t h e  p e r c e n t  f a l l  o f  t h e  F E V i .
The r e p r o d u c i b i l i t y  o f  t h e  a p p l i e d  method was d e t e r m i n e d  
by t h e  h e l p  o f  10 h e a l t h y  c o n t r o l  c h i l d r e n .  On two  c o n s e c u t i v e  
d a y s  t h e y  t o o k  t h e  same e x e r c i s e  t e s t :  t h e  d i f f e r e n c e  was l e s s  
t h a n  3% i n  t h e  b a s e l i n e  and l e s s  t h a n  7% i n  t h e  e x e r c i s e  
i n d u c e d  v a l u e s .
The s t a t i s t i c a l  a n a l y s i s  was p e r f o r m e d  w i t h  an 
u n p a i r e d  t - t e s t  a t  a s i g n i f i c a n c e  l e v e l  o f  p= 0 . 0 5 .
RESULTS
I n  t h e  two  r a n d o m l y  s e l e c t e d  g r o u p s  (HA and AA) t h e  
f o l l o w i n g  o b s e r v a t i o n s  and i n v e s t i g a t i o n s  were made.
C l i n i c a l  f i n d i n g s :  based on t h e  q u e s t i o n n a r i e s  and t h e  
p e r s o n a l  i n t e r v i e w s  w i t h  t h e  c h i l d r e n  and a t  l e a s t ,  w i t h  one o f  
t h e i r  p a r e n t s ,  t h e  h e a l t h y  c h i l d r e n  o f  a s t h m a t i c s  (HA g r o u p )  
d i d  n o t  p r e s e n t  a t o p i c  d i s e a s e  i n  t h e i r  m e d i c a l  h i s t o r y .  No one 
o f  th em g o t  t r e a t m e n t  f o r  such  p r o b l e m s .
The f o l l o w i n g  a n a m n e s t i c  d a t a  w ere  f o u n d  i n  t h e s e  c h i l d r e n :  
f r e q u e n t  u r t i c a r i a  ( 1 ) ,  a l l e r g i c  oedema ( 1 ) ,  f r e q u e n t  c o u g h i n g  
( 4 ) ,  f r e q u e n t  u p p e r  a i r w a y  i n f e c t i o n s ,  o t i t i s ,  t o n s i l l i t i s  ( 5 ) ,  
m o d e r a t e  v a l v u l a r  a o r t i c  s t e n o s i s  ( 1 ) ,  m o d e r a te  p u l m o n a l  
s t e n o s i s  ( 1 ) , m i 1d c e r e b r a l  p a l s y  ( 1 ) .
The a t o p i c  c h i l d r e n  o f  a s t h m a t i c s  (AA g r o u p )  have  been 
i n t e r v i e w e d  i n  t h e  same man ne r .  Among them 23 had b r o n c h i a l  
a s t h m a :  10 i n f e c t i o n  i n d u c e d  (2  w i t h  b ro nch ospasm  f o l l o w i n g  
e x e r c i s e ) ,  8 exo gen  a l l e r g i c  t y p e ,  5 had mixed  t y p e  ( a l l e r g y  + 
i n f e c t i o n ) ;  2 c h i l d r e n  had a l l e r g i c  r h i n i t i s ;  1 c h i l d  s u f f e r e d  
f r o m  a t o p i c  eczema.  The f o l l o w i n g  t r e a t m e n t  was a d m i n i s t e r e d  i n
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t h e  l a s t  y e a r  b e f o r e  t h e  i n t e r v i e w :  no t r e a t m e n t  ( 8 ) ,
a n t i h i s t a m i n e s  ( 4 ) ,  b e t a m i m e t i c s  ( 7 ) ,  a m i n o p h y l l i n e  ( 3 ) ,  
DNCG ( 1 ) ,  k e t o t i f e n  ( 4 ) ,  im m u n o t h e r a p y  ( 1 ) ,  s t e r o i d  o i n t m e n t  on 
t h e  s k i n  ( 1 ) ,  l o c a l  t r e a t m e n t  i n  t h e  nose  ( 2 ) .
Lung  f u n c t i o n : i n  t h e  two  g r o u p s  (HA,  AA) o f  c h i l d r e n  t h e
f o r c e d  v i t a l  c a p a c i t y  ( F V C ) ,  f o r c e d  e x p i r a t o r y  vo lu m e  i n  one 
se c o n d  ( F E V } )  and peak  e x p i r a t o r y  f l o w  (PEF)  were r e c o r d e d .  The 
mean p e r  c e n t  o f  p r e d i c t e d  v a l u e s  and i t s  s t a n d a r d  d e v i a t i o n  
was r e c o r d e d :
I n  t h e  HA g r o u p :  FVC: 8 3 . 2%^11 . 3 ;  FEVX : 9 3 . 8 V 1 6 . 2 ;
T i f f e n e a u  i n d e x  (FEV 1/ F V C ) :  9 2 . 2 V + 8 . 3 ;  PEF: 8 4 . 6 U 1 1 . 6 .
I n  t h e  AA g r o u p :  FVC: 7 4 . 2 %jkL 5 . 0 ;  FEV^:  8 1 . 5 % + 1 2 . 6 ;
T i f f e n e a u  i n d e x  ( F E V ^ F V C ) :  94.3% + 4 . 0 ;  PEF: 7 8 .3 % + 1 0 . 2 .
A c e t y l c h o l i n e  c h a l l e n g e : t h e  v a l u e s  o f  FEV^ d e c r e a s e  were
co m pare d  i n  t h e  t h r e e  g r o u p s  (AA,  HA, HN^) o f  c h i l d r e n .  A t  each  
a c e t y l c h o l i n e  c o n c e n t r a t i o n  a s i g n i f i c a n t  d i f f e r e n c e  was f o u n d  
b e tw e e n  t h e  a t o p i c  (AA)  and c o n t r o l  (HN^)  g r o u p s ,  w he re  a 
g r e a t e r  f a l l  a l w a y s  o c c u r r e d  i n  t h e  a t o p i c  c h i l d r e n  ( T a b l e  I I ) .
A l s o  t h e  h e a l t h y  c h i l d r e n  o f  a s t h m a t i c s  (HA) d i f f e r e d  
s i g n i f i c a n t l y  f r o m  t h e  c o n t r o l s  (HN^)  a t  1 . 2 5  -  2 . 5  -  5 . 0  mg/ml  
a c e t y l c h o l i n e  c o n c e n t r a t i o n s ,  a g r e a t e r  f a l l  was a l w a y s  
r e g i s t e r e d  i n  t h e  HA g r o u p .  A t  10 mg/m l  c o n c e n t r a t i o n ,  t h i s  
f a l l  was l a r g e r  i n  t h e  HA g r o u p  comp ar ed  t o  t h a t  i n  t h e  HN^ 
g r o u p ,  b u t  t h e  d i f f e r e n c e  d i d  n o t  r e a c h  t h e  l e v e l  o f  
s i g n i f i c a n c e  ( T a b l e  I I ) .
When t h e  FEV^ v a l u e s  o f  t h e  AA and HA g r o u p s  were  c o m p a r e d ,  
t h e  d e c r e a s e  o f  FEV^ was a l w a y s  g r e a t e r  i n  t h e  c h i l d r e n  o f  
AA g r o u p  b u t  t h i s  d i f f e r e n c e  was n e v e r  s i g n i f i c a n t  (p =  0 . 2  a t  
1 . 2 5  m g / m l ;  p= 0 .1  a t  2 . 5  m g / m l ;  p= 0 . 1  a t  5 . 0  m g / m l ;  p= 0 . 1  a t  
1 0 .0  m g /m l  c o n e . ) .
P h y s i c a l  e x e r c i s e : t h e  v a l u e s  o f  FEV^ d e c r e a s e s  ( T a b l e  I I )  
were  co mp ar ed  i n  t h e  t h r e e  g r o u p s  (AA ,  HA, HN2 ) o f  c h i l d r e n .  
The d i f f e r e n c e  be tw een  t h e  AA and HN2 g r o u p s  was s i g n i f i c a n t .  
The g r e a t e r  f a l l  was f o u n d  i n  t h e  a t o p i c  c h i l d r e n .  A l s o  t h e  
h e a l t h y  c h i l d r e n  o f  a s t h m a t i c s  (HA) showed g r e a t e r  f a l l  i n  FEV^ 
co mp ar ed  t o  t h e  HN2 g r o u p ,  b u t  t h i s  d i f f e r e n c e  was n o t  
s i g n i f i c a n t .
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TABLE I I
The mean per cent decrease (X) i n  the FEV^ values and t h e i r  standard dev ia t ion  (SD) i n  the groups of  examined
ch i ld ren
Atopic c h i ld re n  of 
asthmat ics (AA)
Healthy c h i ld re n  of  
asthmat ics (HA)
Cont ro l  ch i ld re n  
(HN]_) and (HN2)
ас . cone, 
mg/ml
n X SD p п X SD p п X SD
1.25 23 8.5 9.6 0.0005 28 6.2 8.7 0.005 30 +0.3 8.3
2.5 24 11.1 9.8 0.0025 28 7.9 9.7 0.05 30 3.7 7.4
5.0 23 16.5 10.8 0.0025 25 11.5 10.9 0.05 29 5.3 12.0
10.0 18 22.8 11.8 0.0025 25 16.8 11.9 0.1 28 11.0 13.3
Physical
exerc ise 26 9.3 7.2 0.0025 30 4.6 6.6 0.1 97 0.6 13.6
p values are re la ted  to the co n t r o l  ch i ld ren
C
serháti 
e
t 
a
l.
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The d e c r e a s e  i n  t h e  FEV^ v a l u e s  o f  t h e  AA g rou p  was a l w a y s  
l a r g e r  t h a n  i n  t h e  HA g r o u p  and t h i s  d i f f e r e n c e  was s i g n i f i c a n t  
(p= 0 . 0 1 ) .
DISCUSSION
One o f  t h e  most  i m p o r t a n t  f e a t u r e s  o f  asthma i s  t h e  
h y p e r r e a c t i v i t y  o f  t h e  a i r w a y s  t o  a w i d e  v a r i e t y  o f  s p e c i f i c  
and non s p e c i f i c  s t i m u l i .  S e v e r a l  s t u d i e s  have shown w h i c h  
s i g n s  o f  b r o n c h i a l  h y p e r r e a c t i v i t y  and t r e n d s  f o r  a t o p i c  
r e a c t i o n s  were t y p i c a l  i n  r e l a t i v e s  o f  a s t h m a t i c  i n d i v i d u a l s .
I n  A u s t r a l i a  s t u d i e s  o f  r e s p o n s i v e n e s s  t o  h i s t a m i n e  i n  
i n f a n t s  soon  a f t e r  b i r t h  have d e m o n s t r a t e d  i n c r e a s e d  a i r w a y s  
r e s p o n s i v e n e s s  i n  i n f a n t s  w i t h  a f a m i l y  h i s t o r y  o f  a s t h m a .  T h i s  
o b s e r v a t i o n  i n  h e a l t h y  a s y m p t o m a t i c  i n f a n t s  e a r l y  i n  l i f e  
s u g g e s t s  t h e  g e n e t i c  c o n t r i b u t i o n  t o  a s th m a  / 3 2 / .
Hopp and c o - w o r k e r s  / 1 7 /  p e r f o r m e d  m e t a c h o l i n e  b r o n c h i a l  
c h a l l e n g e  i n  v a r i o u s  g r o u p s  ( m a n i f e s t  a s t h m a t i c s ,  h e a l t h y  and 
a s t h m a t i c / a l l e r g i c  c h i l d r e n  o f  a s t h m a t i c  p a r e n t s ,  h e a l t h y  
c h i l d r e n  o f  h e a l t h y  p a r e n t s ,  a l l e r g i c  and n o n - a l l e r g i e  t w i n s )  
o f  c h i l d r e n  and young a d u l t s .  The g ro up  o f  a s t h m a t i c s  
s i g n i f i c a n t l y  d i f f e r e d  f r o m  a l l  t h e  o t h e r  g ro ups  as r e g a r d e d  t o  
m e t a c h o l i n e  s e n s i t i v i t y .  A t  t h e  same t i m e ,  how ever ,  t h e  h e a l t h y  
members o f  a s t h m a t i c  f a m i l i e s  e x h i b i t e d  more p r o n o u n c e d  
b r o n c h i a l  r e a c t i v i t y  th a n  t h e  h e a l t h y  members o f  t h e  h e a l t h y  
f a m i l i e s .
I n  t h e  s i b l i n g s  o f  59 a t o p i c  a s t h m a t i c s  48% showed 
i n c r e a s e d  n o n - s p e c i f i c  b r o n c h i a l  r e s p o n s i v e n e s s  t e s t e d  by 
m e t a c h o l i n e .  N o n -  s p e c i f i c  b r o n c h i a l  r e a c t i v i t y  showed o n l y  a 
weak a s s o c i a t i o n  w i t h  a t o p y  w h i c h  was based on t h e  s k i n  p r i c k  
t e s t s  t o  9 common a l l e r g e n s  + on t h e  d e t e r m i n a t i o n  o f  t o t a l  
se rum IgE / 2 9 / .  H y p e r s e n s i t i v i t y  t o  m e t a c h o l i n e  was f o u n d  i n  
sym p t o m - f re e  p a r e n t s  o f  a s t h m a t i c  c h i l d r e n ,  t o o  / 3 / .
B r i t t  and c o - w o r k e r s  / 2 /  o b s e r v e d  h y p e r s e n s i t i v i t y  t o  
m e t a c h o l i n e  i n  a p p r o x i m a t e l y  h a l f  o f  t h e  r e l a t i v e s  o f  a d u l t  
p a t i e n t s  s u f f e r i n g  f r o m  c h r o n i c  o b s t r u c t i o n  -  t h e y  c o n s i d e r e d
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th e m  as r i s k  g r o u p s .  The s e n s i t i v i t y  t o  m e t a c h o l i n e  was t h e  
same among t h e  p a r e n t s ,  c h i l d r e n  o r  b r o t h e r s  o f  a s t h m a t i c s  
a c c o r d i n g  t o  an o t h e r  s t u d y  / 1 4 / .
C l i f f o r d  and c o - w o r k e r s  / 5 /  w o r k e d  w i t h  c h i l d r e n  o f  one 
a s t h m a t i c  p a r e n t  and p e r f o r m e d  a l l e r g y  s k i n  t e s t i n g  and 
m e a s u r e m e n t  o f  b r o n c h i a l  r e s p o n s i v e n e s s  t o  m e t a c h o l i n e  i n  
p a r e n t  and c h i l d .  The p r e v a l e n c e  o f  a t o p y  (19%) among t h e s e  
c h i l d r e n  d i d  n o t  d i f f e r  f rom t h e  o n e s  i n  th e  p o p u l a t i o n .  
H y p e r r e s p o n s i v e n e s s  t o  m e t a c h o l i n e  (45 % )  w i t h  a 20% f a l l  i n  
FEV^ was h i g h e r  c o m p a r e d  t o  t h e  g e n e r a l  p o p u l a t i o n .
I n  some s t u d i e s  f a m i l y  e x a m i n a t i o n s  were p e r f o r m e d  t o  
r e g i s t e r  b r o n c h i a l  r e s p o n s i v e n e s s  upon  p h y s i c a l  e x e r c i s e .  I n  
32% o f  f i r s t - g r a d e  r e l a t i v e s  o f  a s t h m a t i c  c h i l d r e n  b r o n c h i a l  
i n s t a b i l i t y  was f o u n d  / 2 2 / .  The same a u t h o r s  o bse rv ed  e x e r c i s e  
i n d u c e d  b r o n c h i a l  h y p e r r e a c t i v i t y  i n  29% o f  th e  r e l a t i v e s  o f  
c h i l d r e n  s u f f e r i n g  f r o m  wheezy b r o n c h i t i s ,  compared t o  t h e  5% 
f o u n d  i n  c o n t r o l s  / 1 3 ,  2 3 / .
I n v e s t i g a t i o n s  on t w i n s  d i s p l a y e d  a s i m i l a r i t y  i n  t h e  
a p p e a r a n c e  o f  a s p e c i f i c  b r o n c h i a l  h y p e r r e a c t i v i t y ;  t h i s  was 
more  p r o n o u n c e d  i n  m o n o z y g o t s  th a n  i n  d i z y g o t s  / 1 6 ,  23 ,  2 6 / .
I n c r e a s e d  b r o n c h i a l  r e a c t i v i t y  i n  i t s e l f  dos n o t  mean 
c l i n i c a l  sy mp to ms .  Some o t h e r  f a c t o r s  ( e . g .  p a s s i v e  s m o k i n g ,  
a i r  p o l l u t i o n ,  v i r a l  i n f e c t i o n  e t c . )  may have  an i m p o r t a n t  r o l e  
i n  e n h a n c i n g  o r  t r i g g e r i n g  o b s t r u c t i v e  d i s e a s e s  on t h e  b a s i s  o f  
a i r w a y  h y p e r r e a c t i v i t y  / 7 ,  8,  23,  2 5 ,  2 6 / .
We i n v e s t i g a t e d  t h e  c h i l d r e n  o f  o u r  f o r m e r  p a t i e n t s  t r e a t e d  
f o r  as thma i n  t h e i r  c h i l d h o o d .  More  t h a n  25% o f  them showed 
a t o p i c  d i s e a s e ;  b r o n c h i a l  as thma was t h e  most f r e q u e n t  
d i a g n o s i s .  The c h i l d r e n  r a n d o m ly  s e l e c t e d  f o r  l u n g  f u n c t i o n  
showed two  d i s t i n c t  g r o u p s  (HA and A A ) .
Our f i n d i n g s  i n d i c a t e  t h a t  t h e  c h i l d r e n  who have  
p a r e n t / p a r e n t s  w i t h  asthma e x h i b i t  a s i g n i f i c a n t l y  e n h a n c e d  
a i r w a y  r e a c t i v i t y  t o  a c e t y l c h o l i n e ,  and  t h i s  i s  t r u e  i n  
c o m p l e t e l y  s y m p t o m - f r e e  c h i l d r e n .  T h i s  b r o n c h i a l  r e s p o n s i v e n e s s  
do e s  n o t  mean c l i n i c a l  m a n i f e s t a t i o n s ,  i t  i s  o n l y  one f a c t o r  i n  
t h e  p a t h o g e n e s i s  o f  as thma / 2 9 / .
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A s i g n i f i c a n t  p r o p o r t i o n  o f  c h i l d r e n  w i t h  a i r w a y  
r e s p o n s i v e n e s s  have n e v e r  had as thma symptoms and some w i t h  
t r o u b l e s o m e  asthma symptoms have  no e v i d e n c e  o f  a i r w a y  
h y p e r  r e s p o n s i v e n e s s . T h i s  phenomenon i s  c l e a r l y  a s s o c i a t e d  w i t h  
as th m a b u t  i s  n o t  n e c e s s a r i l y  c h a r a c t e r i s t i c  / 1 8 / .
The h e a l t h y  c h i l d r e n  o f  a s t h m a t i c  (HA g r o u p )  show h i g h e r  
r e s p o n s e  t o  p h y s i c a l  e x e r c i s e  compa re d  t o  t h e  c o n t r o l  g r o u p  
(HN2 ) b u t  t h i s  d i f f e r e n c e  i s  n o t  s i g n i f i c a n t .  The r e l a t i v e l y  
s m a l l  r e a c t i o n  t o  p h y s i c a l  c h a l l e n g e  i n  AA g ro u p  may be t h e  
c o n s e q u e n c e  o f  t h e  m i l d  a s t h m a t i c  d i s e a s e ;  th e  o b s e r v a t i o n s  o f  
o t h e r  a u t h o r s  were t h e  same / 1 3 ,  2 1 / .  G e n e r a l l y  t h e  s e v e r e  
a s t h m a t i c  p a t i e n t s  show more s e r i o u s  and f r e q u e n t  e x e r c i s e  
i n d u c e d  b ro nchosp asm  / 1 9 / .
I n  c o n c l u s i o n :  t h e  h e a l t h y  c h i l d r e n  o f  a s t h m a t i c  p a r e n t s  
e x h i b i t  a s i g n i f i c a n t l y  h i g h e r  n o n - s p e c i f i c  a i r w a y  r e a c t i v i t y  
t o  a c e t y l c h o l i n e  compared  w i t h  t h e  h e a l t h y  c o n t r o l s .  T h e i r  
r e a c t i o n  t o  p h y s i c a l  e x e r c i s e  i s  more e x p r e s s e d  t h a n  t h e  
r e s u l t s  g a i n e d  i n  h e a l t h y  n o n - a t o p i c  c h i l d r e n .  The members o f  
t h i s  g r o u p  d i s p l a y  a h i g h e r  r e a c t i v i t y  and fo r m  an i n t e r m e d i a t e  
g r o u p  b e tw e e n  t h e  a t o p i c  and t h e  c o n t r o l  c h i l d r e n .  L o n g - l a s t i n g  
o b s e r v a t i o n s  a r e  needed f o r  e s t a b l i s h i n g  t h e  c l i n i c a l  m e a n i n g  
o f  t h i s  p a t h o l o g i c  f e a t u r e .  W i t h  i n c r e a s i n g  k n o w le d g e  o f  t h e  
p a t h o g e n e s i s  o f  a s th m a ,  t h e  e v e n t u a l  a im w i l l  be p r i m a r y  
p r e v e n t i o n  / 2 4 / .  T h i s  w i l l  r e q u i r e  i d e n t i f i c a t i o n  o f  t h e  g r o u p s  
a t  r i s k .  The q u e s t i o n  i s  s t i l l  open w h e t h e r  our  s y m p t o m l e s s  
b u t  h y p e r r e s p o n s i v e  p a t i e n t s  a r e  r e a l l y  a t  r i s k  f o r  o b s t r u c t i v e  
p u l m o n a r y  d i s e a s e s .
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SUBCLASS DISTRIBUTION DF Ig G - AND IgA-CONTAINING CELLS IN THE 
JEJUNAL MUCOSA OF CHILDREN WITH COELIAC DISEASE
A. ARATÚ1 , E. SA V IL AH T I2
1 - F i r s t  D e p a r t m e n t  o f  P a e d i a t r i c s ,  Semmelwe is  M e d i c a l  
U n i v e r s i t y ,  B u d a p e s t ,  C h i l d r e n ' s  H o s p i t a l ,  U n i v e r s i t y  o f
H e l s i n k i ,  F i n l a n d
R e c e i v e d  28 A p r i l  1993
In  20 j e j u n a l  b i o p s y  s p e c i m e n s  f r o m  c h i l d r e n  w i t h  
c o e l i a c  d i s e a s e  t h e  d e n s i t i e s  o f  c e l l s  c o n t a i n i n g  th e  
v a r i o u s  s u b c l a s s e s  o f  IgG and IgA  were  m easu re d  u s i n g  
m o n o c l o n a l  a n t i b o d i e s  s t a i n e d  w i t h  s e c o n d a r y  a n t i b o d i e s  
c o n j u g a t e d  w i t h  b i o t i n - a v i d i n  p e r o x i d a s e :  8 s p e c i m e n s  
were t a k e n  b e f o r e  t r e a t m e n t ,  7 d u r i n g  a g l u t e n  f r e e  
d i e t  and 5 a f t e r  g l u t e n  c h a l l e n g e .  I n  a d d i t i o n ,  11 
c o n t r o l  s p e c i m e n s  were  s t u d i e d .  The c e l l s  o f  each  IgG 
s u b c l a s s  were  p r e s e n t  i n  s i g n i f i c a n t l y  h i g h e r  d e n s i t i e s  
i n  t h e  s p e c i m e n s  f r om  t h e  c h i l d r e n  w i t h  c o e l i a c  
d i s e a s e  on a n o r m a l  d i e t  t h a n  i n  t h o s e  f r o m  c o n t r o l s .  
On a g l u t e n - f r e e  d i e t  t h e  c e l l  d e n s i t i e s  o f  t h e s e  
p a t i e n t s  w ere  s i m i l a r  t o  t h o s e  o f  c o n t r o l s .  B e f o r e  
t r e a t m e n t  and on g l u t e n  c h a l l e n g e  t h e  p a t i e n t s  had 
l o w e r  mean p e r c e n t a g e  o f  IgG4 c e l l s  (21% and 18%, 
r e s p e c t i v e l y )  t h a n  t h e  c o n t r o l s  (2 8 % ) .  The p r o p o r t i o n  
o f  I g G l  c e l l s  i n  t h e  sp e c im e n s  t a k e n  d u r i n g  a g l u t e n -  
f r e e  d i e t  was l o w e r  th a n  i n  t h o s e  f r o m  u n t r e a t e d  
p a t i e n t s  (21% vs 31%, p < 0 . 0 5 ) .  The d e n s i t i e s  o f  
c e l l s  c o n t a i n i n g  t h e  two IgA s u b t y p e s  were  g r e a t e r  i n  
t h e  p a t i e n t s  t h a n  i n  t h e  c o n t r o l s  and t h e  p r o p o r t i o n  o f  
I g A l  c e l l s  was s i g n i f i c a n t l y  h i g h e r  i n  t h e  u n t r e a t e d  
p a t i e n t s  t h a n  i n  c o n t r o l s  (56% vs 47%, p < 0 . 0 5 ) .  
These a l t e r a t i o n s  i n  t h e  s u b c l a s s  d i s t r i b u t i o n  o f  
t h e  l o c a l  I g G -  and I g A - c o n t a i n i n g  c e l l s  i n  t h e  p a t i e n t s  
seem t o  s u g g e s t  t h a t  t h e s e  c e l l s  p l a y  a r o l e  i n  th e  
t i s s u e  d e f e n c e  me chan ism,  o r  a r e  p r i m a r i l y  i n v o l v e d  i n  
t h e  p a t h o g e n e s i s  o f  c o e l i a c  d i s e a s e .
INTRODUCTION
The main f e a t u r e  o f  t h e  p a t h o g e n e s i s  o f  c o e l i a c  d i s e a s e  (CO) 
i s  an a b n o rm a l  immune r e a c t i o n  t o  g l u t e n ,  b o t h  h u m o r a l  and 
c e l l - m e d i a t e d  immune r e s p o n s e s  a r e  a c t i v a t e d  i n  t h e  i n t e s t i n e  
o f  p a t i e n t s  w i t h  u n t r e a t e d  CD / 1 ,  2 / .  Mos t  s t u d i e s  i n d i c a t e  
t h a t  d e n s i t i e s  o f  I g A - ,  Ig G -  and I g M - c o n t a i n i n g  c e l l s  a re
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s e v e r a l f o l d  g r e a t e r  i n  t h e  j e j u n u m  o f  p a t i e n t s  w i t h  a c t i v e  CD 
t h a n  i n  t h e  n o r m a l  j e j u n u m  / 3 - 9 / .  I m m u n o g l o b u l i n  G and i t s  
s u b c l a s s e s  have b i o l o g i c a l l y  p o t e n t  c a p a b i l i t i e s  m e d i a t e d  by 
a c t i v a t i o n  o f  c o m p l e m e n t  c om ponen t ,  i n i t i a t i o n  o f  p h a g o c y t o s i s  
and  i n d u c t i o n  o f  c e l l  m e d i a t e d  c y t o t o x i c i t y .  I h e  f o u r  IgG 
s u b c l a s s e s  d i f f e r  i n  t h e s e  f u n c t i o n a l  c a p a b i l i t i e s  / 1 0 - 1 2 /  and 
t h e r e f o r e  changes  i n  t h e  p r o p o r t i o n s  o f  t h e  IgG s u b c l a s s e s  may 
h a v e  p a t h o l o g i c a l  c o n s e q u e n c e s .  F u r t h e r m o r e ,  a n t i g e n s  o f  
d i f f e r e n t  t y p e s  s e l e c t i v e l y  e l i c i t  t h e  p r o d u c t i o n  o f  c e r t a i n  
s u b c l a s s e s  as p a r t  o f  t h e  a n t i b o d y  r e s p o n s e  / 1 3 / .
P r e v i o u s  s t u d i e s  h a v e  shown t h a t  s e l e c t i v e  ch a n g e s  i n  t h e  
Ig G  s u b c l a s s e s  a r e  t o  be fo u n d  i n  many d i s e a s e s  / 1 2 - 1 7 / .  I h e  
t w o  s u b c l a s s e s  o f  I g A  a r e  a p p a r e n t l y  f u n c t i o n a l l y  i d e n t i c a l ,  
b u t  I g A l  i s  s u s c e p t i b l e  t o  b re a k d o w n  by a v a r i e t y  o f  I g A -  
s p e c i f i c  m i c r o b i a l  p r o t e a s e s  / 1 8 / .  Mo s t  c h i l d r e n  w i t h  CD have 
l o w  l e v e l s  o f  IgG2 and  IgG4 i n  t h e  s e r u m ,  a l t h o u g h  t h e  t o t a l  
Ig G  l e v e l  does n o t  d i f f e r  f r o m  t h e  c o n t r o l s  / 1 9 / .  A n t i b o d i e s  t o  
g l i a d i n  have been f o u n d  i n  t h e  I g G l  and IgG3 s u b c l a s s e s  / 1 9 ,  
2 0 /  and  a l s o  i n  IgG2 / 2 1 / .
I n  t h e  l a m i n a  p r o p r i a  o f  s m a l l  i n t e s t i n e  o f  p e r s o n s  w i t h o u t  
g a s t r o i n t e s t i n a l  d i s e a s e s ,  a p r e p o n d e r a n c e  o f  I g G l  and IgG2 
c e l l s  was f o u n d ,  w h i l e  t h e  p r o p o r t i o n  o f  IgG3 and IgG4 c e l l s  
was much l o w e r  / 2 2 ,  2 3 / .  Ih e  p r o p o r t i o n  o f  I g G 2 - c o n t a i n i n g  
c e l l s  i n  t h e  j e j u n a l  mucosa was s i g n i f i c a n t l y  h i g h e r  i n  
u n t r e a t e d  t h a n  i n  t r e a t e d  a d u l t  p a t i e n t s  w i t h  CD / 2 4 / .  I h e  
p r o p o r t i o n  o f  c e l l s  c o n t a i n i n g  s u b c l a s s  Ig A 2  i s  h i g h e r  i n  t h e  
j e j u n a l  mucosa o f  a d u l t s ,  w i t h  u n t r e a t e d  o r  t r e a t e d  CD t h a n  i n  
c o n t r o l s  / 2 5 / .
I n  ou r  s t u d y  we u s e d  m o n o c l o n a l  a n t i b o d i e s  and a s e n s i t i v e  
p e r o x i d a s e  t e c h n i q u e  t o  e s t i m a t e  t h e  d e n s i t i e s  o f  t h e  v a r i o u s  
Ig G and IgA s u b c l a s s e s  i n  t h e  j e j u n a l  mucosa o f  u n t r e a t e d  and 
t r e a t e d  c h i l d r e n  w i t h  CD. I h e  f i n d i n g s  w ere  com pa re d  w i t h  t h o s e  
o f  h e a l t h y  c o n t r o l s .
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MATERIALS AND METHODS
S u b j e c t s
We s t u d i e d  20 s p e c i m e n s  f r om  16 c h i l d r e n  w i t h  c o n f i r m e d  o r  
s u s p e c t e d  CD (11  g i r l s ,  5 b o y s ,  mean age a t  t h e  b i o p s y  b e f o r e  
t r e a t m e n t  6 . 2  y e a r s ,  ra n g e  0 . 8 - 1 5 . 5  y e a r s ) .  The b i o p s y
s p e c i m e n s  t a k e n  b e f o r e  d i e t a r y  t r e a t m e n t  a l l  showed s e v e r e  
v i l l o u s  a t r o p h y .  I n  14 p a t i e n t s  t h e  j e j u n a l  mucosa became 
n o r m a l  d u r i n g  a g l u t e n - f r e e  d i e t  and r e l a p s e d  a f t e r  g l u t e n  
c h a l l e n g e .  I n  t h e  r e m a i n i n g  two p a t i e n t s  a g l u t e n - f r e e  d i e t  l e d  
t o  s i g n i f i c a n t  i m p r o v e m e n t  i n  j e j u n a l  m o r p h o l o g y .  The d u r a t i o n  
o f  t h e  g l u t e n - f r e e  d i e t  was,  on a v e r a g e ,  3 . 5  y e a r s  ( 1 . 1 - 1 0 . 8  
y e a r s ) .  The mean d u r a t i o n  o f  t h e  g l u t e n  c h a l l e n g e  ( n o r m a l  
g l u t e n - c o n t a i n i n g  d i e t )  was 0 . 4  y e a r s  ( 0 . 2 5 - 0 . 5  y e a r s ) .  From 8 
p a t i e n t s  s p e c i m e n s  t a k e n  b e f o r e  d i e t a r y  t r e a t m e n t  were  
a v a i l a b l e  f o r  t h i s  s t u d y .  Spec imens  were o b t a i n e d  f r o m  7 
p a t i e n t s  on a g l u t e n - f r e e  d i e t  b e f o r e  t h e  p l a n n e d  c h a l l e n g e  and 
f r o m  5 c h i l d r e n  a f t e r  t h e  g l u t e n  c h a l l e n g e .  Spec imens  f r o m  11 
c h i l d r e n  (6 g i r l s ,  5 b o y s ,  mean age 8 . 4  y e a r s ,  ra nge  0 . 6 5 - 1 5 . 9  
y e a r s )  were used  as c o n t r o l s  f o r  t h i s  s t u d y .  A j e j u n a l  b i o p s y  
s p e c i m e n  had been t a k e n  f r o m  t h e s e  p a t i e n t s  because  o f  p o o r  
g a i n  i n  w e i g h t  o r  r e t a r d e d  g r o w t h .  None had g a s t r o i n t e s t i n a l  
s y m p to m s,  n o r  d i d  c a r e f u l  c l i n i c a l  and l a b o r a t o r y  e x a m i n a t i o n s  
r e v e a l  any g a s t r o i n t e s t i n a l  d i s o r d e r s .  I n  t h e s e  11 c h i l d r e n  t h e  
h i s t o l o g y  o f  t h e  p r o x i m a l  j e j u n u m  was n o r m a l .
A l l  b i o p s y  s p e c i m e n s  were t a k e n  as a p a r t  o f  c l i n i c a l  
e v a l u a t i o n  o f  t h e  p a t i e n t s .  The s t u d y  was a p p r o v e d  by t h e  
E t h i c s  Co m m i t t ee  o f  t h e  C h i l d r e n ' s  H o s p i t a l ,  U n i v e r s i t y  o f  
H e l s i n k i .
T i s s u e  P r o c e s s i n g
I n t e s t i n a l  b i o p s y  s p e c i m e n s  were  t a k e n  f r om  t h e  p r o x i m a l  
j e j u n u m  w i t h  t h e  p a e d i a t r i c  C ro sby  c a p s u l e .  The s p e c i m e n s  were 
i m m e d i a t e l y  d i v i d e d  i n t o  two  p a r t s .  One h a l f  was p r o c e s s e d  f o r  
r o u t i n e  h i s t o l o g i c a l  e x a m i n a t i o n .  The s p e c i m e n s  f o r  t h i s  s t u d y  
o h a f t e r  embedd i ng  i n  0CT° compound ( T i s s u e - T e c ,  4538  M i l e s  
L a b o r a t o r i e s  I n c . ,  N a p e r v i l l e ,  I l l i n o i s ,  USA) were  f r o z e n  i n  
F r e o n  22 su spended  o v e r  l i q u i d  n i t r o g e n .  The f r o z e n  s p e c i m e n s  
were  t h e n  s t o r e d  a i r t i g h t  w i t h  i c e  a t  -7 0 °C  u n t i l  s t a i n e d .  
S e r i a l  s e c t i o n s  were  c u t  a t  5 /U f r o m  each  t i s s u e  b l o c k ,  a i r  
d r i e d  f o r  1 h o u r  and f i x e d  i n  a c e t o n e  a t  4°C f o r  10 m i n .  The 
s e c t i o n s  were imme rse d  i n  c h l o r o f o r m  f o r  30 min and t h e n  washed  
i n  T r i s  b u f f e r .
M o n o c l o n a l  A n t i b o d i e s
The m o n o c l o n a l  a n t i b o d i e s  used  t o  i d e n t i f y  IgG2 ( c l o n e  
G0M2) ,  IgG3 ( c l o n e  HP 6 0 5 0 ) ,  IgG4 ( c l o n e  RJ4) and Ig A 2  ( c l o n e  
2E2)  s u b c l a s s e s  were  p r o d u c e d  by O x o i d  L t d .  ( H a m p s h i r e ,  
E n g l a n d ) .  I g G l -  ( c l o n e  MH161) and I g A l -  ( c l o n e  N IF 2 )  c o n t a i n i n g  
c e l l s  were  d e t e c t e d  w i t h  mouse m o n o c l o n a l  a n t i b o d i e s  f r o m  
J a n s s e n  B io c h e m i c a  ( B e e r s e ,  B e l g i u m ) .  M o n o c l o n a l  a n t i b o d i e s  t o
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c o n s t a n t  r e g i o n s  o f  IgG ( c l o n e  8 a 4 )  and IgA ( c l o n e  2D7) were 
p u r c h a s e d  f r o m  O x o i d  L t d .  The m o n o c l o n a l  a n t i b o d i e s  w ere  used  
i n  a 1 :4 0 0  d i l u t i o n  e x c e p t  f o r  t h e  a n t i - I g G l  and a n t i - I g A l  
a n t i b o d i e s ,  w h i c h  w e re  d i l u t e d  1 : 1 0 0 0  and 1 : 1 0 0 ,  r e s p e c t i v e l y .  
M o n o c l o n a l  a n t i b o d i e s  were  d i l u t e d  w i t h  T r i s  b u f f e r  ( p H = 7 . 4 )  
c o n t a i n i n g  0.1% b o v i n e  serum a l b u m i n .
I m m u n o h i s t o c h e m i c a l  metho d
M o n o c l o n a l  a n t i b o d i e s  were a p p l i e d  t o  t h e  s e c t i o n s  as t h e  
f i r s t  l a y e r  f o r  c .  16 h o u r s  ( o v e r n i g h t ) .  Fo r  
i m m u n o h i s t o c h e m i c a l  s t a i n i n g  V e c t a s t a i n  E l i t e  ABC k i t  ( P K - 6 1 0 2 ,  
V e c t o r  L a b o r a t o r i e s ,  B u r l i n g h a m e ,  Ca. USA) was used .  The second  
l a y e r  was b i o t i n y l a t e d  a n t i - m o u s e  IgG p r o d u c e d  i n  h o r s e .  The 
t h i r d  l a y e r  was a v i d i n  and b i o t i n y l a t e d  h o r s e r a d i s h  p e r o x i d a s e  
m a c r o m o l e c u l a r  c o m p l e x .  The r e c o m m e n d a t i o n s  o f  t h e  m a n u f a c t u r e r  
w e r e  f o l l o w e d  t h r o u g h o u t  t h e  p r o c e d u r e .  A l l  i n c u b a t i o n s  were 
c a r r i e d  o u t  a t  room t e m p e r a t u r e  f o r  30 m i n .  B e f o r e  each  s t e p ,  
t h e  s e c t i o n s  were  washed  w i t h  T r i s  b u f f e r .  The p e r o x i d a s e  s t a i n  
was d e v e l o p e d  w i t h  h y d r o g e n  p e r o x i d e  a c t i v a t e d  AEC ( 3 - a m i n o - 9 -  
e t h y l - c a r b a z o l e , S ig m a ,  S t .  L o u i s ,  Mo. USA) f o r  20 m i n ,  and t h e  
s p e c i m e n s  were c o u n t e r s t a i n e d  w i t h  h a e m a t o x y l i n  (3 0  s ) .  The 
s l i d e s  were m ou n t e d  i n  Gur r  Aquamo un t  (BDH C h e m i c a l s  I n c . ,  
P o o l e ,  E n g l a n d ) .  The b l a n k  c o n t r o l  s e c t i o n s  went  t h r o u g h  t h e  
same p r o c e s s  w i t h o u t  t h e  f i r s t  l a y e r  o f  m o n o c l o n a l  a n t i b o d i e s .  
The s l i d e s  w ere  e v a l u a t e d  u s i n g  a L e i t z - O r t h o l u x  l i g h t  
m i c r o s c o p e  and a lOOOx m a g n i f i c a t i o n .  M i c r o s c o p i c  e v a l u a t i o n  
was done by one o f  t h e  a u t h o r s  ( A . A . )  who was unaware  o f  t h e  
d i a g n o s i s .  The c e l l  d e n s i t y  i n  t h e  l a m i n a  p r o p r i a  was 
d e t e r m i n e d  w i t h  a 0 . 0 4 5 x 0 . 0 4 5  mm g r a t i c u l e  f i t t e d  t o  t h e  
e y e p i e c e  o f  t h e  m i c r o s c o p e ,  th e  number  o f  c e l l s  i n  a t  l e a s t  30 
g r a t i c u l e s  was c o u n t e d  and t h e  r e s u l t s  were e x p r e s s e d  as 
c e l l s / m m  . The e r r o r  i n  r e p e a t e d  c o u n t s  was a l w a y s  l e s s  t h a n  
10% .
S t a t i s t i c s
The s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e s  o b s e r v e d  
b e t w e e n  t h e  p a t i e n t s  and t h e  c o n t r o l s  was c a l c u l a t e d  by 
a n a l y s i s  o f  v a r i a n c e  u s i n g  a PC p r o g r a m .
RESULTS
I . q E - c o n t a i n i n g  c e l l s
The p e r o x i d a s e - l a b e l l e d  c e l l s  w ere  e a s i l y  i d e n t i f i e d  i n  t h e  
i m m u n o h i s t o c h e m i c a l l y  s t a i n e d  s l i d e s .  I n  t h e  b l a n k  c o n t r o l  
s l i d e s  t h e  d e n s i t y  o f  p e r o x i d a s e - l a b e l l e d  c e l l s  was a l w a y s  l e s s  
t h a n  4 c e l l s / m m ^ .
The t o t a l  number  o f  c e l l s  b e l o n g i n g  t o  a l l  f o u r  IgG
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s t u d i e d ) .  For  each  s u b c l a s s  t h e  c e l l  d e n s i t y  was s i g n i f i c a n t l y  
h i g h e r  i n  t h e  s p e c i m e n s  f r o m  t h e  p a t i e n t s  on a n o r m a l  d i e t  th a n  
i n  t h o s e  f r o m  c o n t r o l s  ( T a b l e  I ) .  I n  t h e  p a t i e n t s  on a g l u t e n -  
f r e e  d i e t  t h e  d e n s i t i e s  o f  c e l l s  c o n t a i n i n g  t h e  v a r i o u s  
s u b c l a s s e s  were s i m i l a r  t o  t h o s e  o f  c o n t r o l s .  I n  t h e  c o n t r o l s  
I g G l  and IgG4 were  p r e d o m i n a n t ,  b o t h  t h e s e  s u b c l a s s e s  had th e  
h i g h e s t  d e n s i t y  i n  5 c o n t r o l  s p e c i m e n s ,  w h i l e  i n  t h e  r e m a i n i n g  
one IgG2 c e l l s  p r e d o m i n a t e d .  Of t h e  13 s p e c i m e n s  t a k e n  f r o m  CD 
p a t i e n t s  on n o r m a l  d i e t  I g G l  c e l l s  had t h e  h i g h e s t  d e n s i t y  i n  7 
c a s e s  and IgG2 c e l l s  i n  4 c a s e s , 1 w h i l e  t h e  d e n s i t y  o f  e i t h e r  
IgG3 o r  IgG4 c e l l s  was t h e  h i g h e s t  i n  2 s p e c i m e n s .  I n  t h e  7 
s p e c i m e n s  f r o m  p a t i e n t s  w i t h  CD on a g l u t e n - f r e e  d i e t  IgG4 
c e l l s  p r e d o m i n a t e d  i n  4 and IgG2 c e l l s  i n  3.
We a l s o  c a l c u l a t e d  t h e  p r o p o r t i o n  o f  each  s u b c l a s s  
c o n t r i b u t i n g  t o  t h e  sum o f  IgG c e l l s  ( T a b l e  I I ) .  I n  t h e  
p a t i e n t s  on a g l u t e n - f r e e  d i e t  t h e  mean p r o p o r t i o n  o f  I g G l  
c e l l s  was s i g n i f i c a n t l y  l o w e r  t h a n  b e f o r e  t r e a t m e n t .  In  
s p e c i m e n s  t a k e n  b e f o r e  t r e a t m e n t  and a f t e r  t h e  g l u t e n  c h a l l e n g e  
t h e  mean d e n s i t y  o f  I g G 4 - c o n t a i n i n g  c e l l s  was i n c r e a s e d  
p r o p o r t i o n a l l y  l e s s  t h a n  t h a t  o f  c e l l s  c o n t a i n i n g  o t h e r  3 
s u b c l a s s e s .  A t  t h a t  t i m e ,  t h e  d e n s i t y  o f  IgG4 c e l l s  was 2 .6  
t i m e s  h i g h e r  t h a n  t h a t  o f  c o n t r o l s  and I g G l ,  2 and 3 c e l l s  
b e i n g  3 . 5 ,  3 . 9  and 4 . 2  t i m e s  h i g h e r ,  r e s p e c t i v e l y .  T h i s  
e x p l a i n s  why t h e  p r o p o r t i o n  o f  IgG4 c e l l s  was l o w e r  i n  t h e  
p a t i e n t s  on g l u t e n - c o n t a i n i n g  d i e t  t h a n  i n  t h e  c o n t r o l s  ( T a b l e  
I I ) .
I g A - c o n t a i n i n g  c e l l s
We o b s e r v e d  h i g h e r  d e n s i t i e s  o f  b o t h  I g A l -  and I g A 2 -  
c o n t a i n i n g  c e l l s  i n  s p e c i m e n s  f r om  p a t i e n t s  w i t h  CD on a n o rm a l  
g l u t e n - c o n t a i n i n g  d i e t ,  b u t  t h e i r  d e n s i t i e s  on a g l u t e n - f r e e  
d i e t  were  s i m i l a r  t o  t h o s e  o f  c o n t r o l s  ( T a b l e  I I I ) .  The sum o f  
t h e  I g A l  and IgA2 c e l l s  was s i m i l a r  t o  t h e  d e n s i t y  o f  Ig A  c e l l s  
d e t e c t e d  by t h e  m o n o c l o n a l  a n t i b o d y  t o  I g A  ( 1 . 0 2 : 1 ) .
I n  t h e  c o n t r o l s  t h e  mean p r o p o r t i o n  o f  Ig A 2  c e l l s  was 
s l i g h t l y  h i g h e r  t h a n  t h a t  o f  I g A l  c o n t a i n i n g  c e l l s .  I n  t h e  
u n t r e a t e d  p a t i e n t s  t h e  p r o p o r t i o n  o f  I g A l  c e l l s  was
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TABLE I
D e n s i t i e s  o f  c e l l s  c o n t a i n i n g  IgG and i t s  s u b c l a s s e s  i n  t h e  
l a m i n a  p r o p r i a  o f  j e j u n a l  mucosa o f  c h i l d r e n  w i t h  c o e l i a c  
d i s e a s e  and c o n t r o l s .  V a lu e s  a r e  means+SEM ( c e l l s / m m ^ )
IgG IgGl IgG2 IgG3 IgG4
Patients with CD *** ** * * * * * * **
before treatment 7051114 276158 224149 198144 167130
(n=8)
during a gluten- § § § § §
free diet 207136 53110 59112 65115 76120
(n=7)
after gluten ** * ** **
challenge (n=5) 5831102 208125 216150 129121 125128
Controls (n=ll) 171132 71125 56114 41112 58116
* p<0.05 vs controls
** pcO.Ol vs controls
*** p<0.001 vs controls
§ p<0.05 vs patients before treatment
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TABLE I I
P r o p o r t i o n s  o f  t h e  IgG s u b c l a s s e s  i n  t h e  l a m i n a  p r o p r i a  o f  t h e  
j e j u n u m  o f  c h i l d r e n  w i t h  c o e l i a c  d i s e a s e  and c o n t r o l s  ( % ) .  
V a l u e s  a re  means+SEM
IgGl IgG2 IgG3 IgG4
Patients with CD 
before treatment 
( n=8 )
32±2.0 24±3.2 2311.8 2112.8
during a gluten- 
free diet (n=7)
§
21±1.8 24±5.5 2513.3 3014.9
after gluten 
challenge (n=5) 30±2.2 3112.7 2113.6 1811.9
Controls (n=ll) 28±4.0 2413.2 2011.6 2813.7
§ p<0.05 vs patients before treatment
s i g n i f i c a n t l y  h i g h e r  i n  t h e  c o n t r o l s  and i t  was a l s o  h i g h e r  
t h a n  t h a t  o f  IgA 2  ( T a b l e  I V ) .
I n  t h e  i n d i v i d u a l  spec i me ns  t h e  I g A l - c o n t a i n i n g  c e l l s  had 
t h e  h i g h e s t  d e n s i t y  i n  5 o f  t h e  11 c o n t r o l  s p e c i m e n s ,  w h i l e  
I g A l  p r e d o m i n a t e d  7 o f  t h e  8 u n t r e a t e d  c h i l d r e n  w i t h  CD. I n  
s p e c i m e n s  t a k e n  d u r i n g  a g l u t e n - f r e e  d i e t  th e  p r o p o r t i o n s  o f  
c e l l s  c o n t a i n i n g  t h e  two  IgA s u b c l a s s e s  were  s i m i l a r  t o  t h o s e  
i n  t h e  c o n t r o l  s p e c i m e n s .
1 1 2 A. Arató et a l.
TABLE I I I
Densities of cells containing IgA and its subclasses in the 
lamina propria of the jejunal mucosa of children with coeliac 
disease and controls. Values are means ± SEM (cells/mm2)
IgA IgAl IgA2
Patients with CD
before treatment (n=8) 1395±138 * 752±80 ** 594165 **
during a gluten-free 
diet (n=7)
494±79 § 259±56 § 292129 §
after gluten challenge 
(n=5)
1320±284 * 621±157 * 6921140 *
Controls (n=ll) 668±131 311±73 311150
* p<0.05 vs controls
** p<0.01 vs controls
§ p<0.05 vs patients before treatment
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TABLE IV
The p r o p o r t i o n s  o f  Ig A  s u b c l a s s e s  i n  t h e  l a m i n a  p r o p r i a  o f  t h e  
j e j u n u m  o f  c h i l d r e n  w i t h  c o e l i a c  d i s e a s e  and c o n t r o l s  (% ) .  
V a l u e s  a r e  means+SEM
IgAl IgA2
Patients with CD
before treatment (n=8) 56±2.0 * 4412.0 *
during a gluten-free diet (n=7) 44±4.4 5614.4
after gluten challenge (n=5) 47±1.6 5311.6
Controls (n=ll) 4712.5 5312.5
* p<0.05 vs controls
DISCUSSION
I n  t h i s  s t u d y  we c o n f i r m e d  t h e  p r e v i o u s  f i n d i n g  t h a t  i n  t h e  
l a m i n a  p r o p r i a  o f  j e j u n u m  o f  c h i l d r e n  w i t h  CD t h e  d e n s i t y  o f  
I g G - c o n t a i n i n g  c e l l s  i s  i n c r e a s e d  co m p a r e d  w i t h  c o n t r o l s  / 3 - 9 / .  
The c l o s e  s i m i l a r i t y  o f  t h e  d e n s i t y  o f  I g G -  and I g A - c o n t a i n i n g  
c e l l s  mea su re d  e i t h e r  by u s i n g  a m o n o c l o n a l  a n t i b o d y  
r e c o g n i z i n g  a l l  s u b c l a s s e s  o r  by summing t h e  d e n s i t i e s  
c a l c u l a t e d  f r o m  t h o s e  measured by u s i n g  s u b c l a s s  s p e c i f i c  
m o n o c l o n a l  a n t i b o d i e s ,  shows t h e  s t a b i l i t y  o f  th e  m et hod  u s e d .
Among t h e  c h i l d r e n  w i t h  CD t h e  p r o p o r t i o n s  o f  v a r i o u s  IgG 
s u b c l a s s e s  were  o n l y  s l i g h t l y  d i f f e r e n t  f r om  t h o s e  f o u n d  i n  
c o n t r o l s .  I n  t h e  c o n t r o l s  we f o u n d  d i f f e r e n t  p r o p o r t i o n s  o f  IgG 
s u b c l a s s e s  f r o m  t h o s e  r e p o r t e d  e a r l i e r  / 2 2 ,  2 3 / .  T h i s  
d i f f e r e n c e  i s  due t o  t h e  d i f f e r e n t  m e t h o d s  us e d ,  when c o m p a r i n g  
t h e  d e n s i t i e s  o f  I g G - c o n t a i n i n g  c e l l s ,  we saw 7 t i m e s  more  IgG 
c e l l s  i n  s p e c i m e n s  f r o m  p a t i e n t s  w i t h  a c t i v e  CD and 4 t i m e s
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m o r e  i n  spec imens f r o m  t h e  t r e a t e d  ones  t h a n  i n  t h e  s t u d y  u s i n g  
i m m u n o f l u o r e s c e n t  m e t h o d  / 2 4 / .  We used  t r i p l e  l a y e r  p e r o x i d a s e  
s t a i n i n g .
I n  c o n t r a s t  t o  Rognum e t  a l .  / 2 4 /  we d i d  n o t  f i n d  a g r e a t  
p r e d o m i n a n c e  o f  t h e  I g G l  s u b c l a s s  i n  t h e  j e j u n a l  mucosa o f  
c h i l d r e n  w i t h  CD. I n  ou r  s t u d y  t h e  p r o p o r t i o n  o f  IgG2 
i m m u n o c y t e s  was s i m i l a r  i n  u n t r e a t e d  and t r e a t e d  p a t i e n t s  w i t h  
CD, i n  c o n t r a s t  t o  t h e  i n c r e a s e d  p r o p o r t i o n  o f  t h e s e  c e l l s  
f o u n d  i n  u n t r e a t e d  a d u l t  p a t i e n t s  / 2 4 / .  A f t e r  g l u t e n  c h a l l e n g e  
t h e  p r o p o r t i o n  o f  Ig G 2  c e l l s  was i n c r e a s e d  a c c o r d i n g  t o  o u r  
f i n d i n g s  and t h e  e a r l i e r  r e p o r t  / 2 4 / .
M e a s u r i n g  t h e  d e n s i t y  o f  I g A - c o n t a i n i n g  c e l l s  e i t h e r  w i t h  
t h e  m o n o c l o n a l  a n t i b o d y  s p e c i f i c  t o  c o n s t a n t  r e g i o n  o f  IgA 
m o l e c u l e s  o r  a d d i n g  up t h e  d e n s i t i e s  o f  t h e  c e l l s  c o n t a i n i n g  
I g A  s u b c l a s s e s  m e a s u r e d  by t h e  r e s p e c t i v e  m o n o c l o n a l  a n t i b o d i e s  
g a v e  c l o s e l y  s i m i l a r  r e s u l t s  and t h e  p r e v i o u s  f i n d i n g  o f  a 
m a r k e d  i n c r e a s e  i n  I g A  c e l l s  i n  s p e c i m e n s  t a k e n  f r o m  p a e d i a t r i c  
p a t i e n t s  w i t h  u n t r e a t e d  CD / 4 ,  7,  8 ,  2 6 /  was c o n f i r m e d  by b o t h  
p r o c e d u r e s .  I n  a d u l t  p a t i e n t s  w i t h  CD on a no rm a l  d i e t  I g A -  
c o n t a i n i n g  c e l l s  h a v e  been fo u n d  i n  d e n s i t i e s  s i m i l a r  / 5 /  o r  
e v e n  l o w e r  th an  / 3 ,  2 7 /  i n  c o n t r o l s  w h i c h  can be e x p l a i n e d  by 
a s s u m i n g  t h a t  on a g l u t e n - c o n t a i n i n g  d i e t  t h e  c o n t i n u o u s  
s t i m u l a t i o n  o f  I g A - p r o d u c i n g  c e l l s  c a u s e s  e x h a u s t i o n .  On a 
g l u t e n - f r e e  d i e t  t h e  d e n s i t y  o f  I g A - c o n t a i n i n g  c e l l s  becomes 
n o r m a l  / 4 ,  7 / .
The d i s t r i b u t i o n  o f  t h e  j e j u n a l  I g A l  and IgA2 s u b c l a s s e s  i n  
o u r  c o n t r o l s  was d i f f e r e n t  f rom t h e  r e s u l t  o f  K e t t  e t  a l .  / 2 5 ,  
2 8 /  b u t  s i m i l a r  t o  t h a t  o f  M e a r i n  e t  a l .  / 2 9 / ,  as we f o u n d  
p r o p o r t i o n a l l y  s l i g h t l y  more IgA2 c e l l s  t h a n  I g A l  c e l l s .  I n  
p a t i e n t s  w i t h  u n t r e a t e d  CD b o th  t h e  p r o p o r t i o n  and t h e  d e n s i t y  
o f  I g A l  c e l l s  w e re  i n c r e a s e d ,  w h e re a s  on a g l u t e n - f r e e  d i e t  
t h e y  w ere  s i m i l a r  t o  t h o s e  o f  c o n t r o l s .  I g A l  i m m u n o g l o b u l i n  i s  
s u s c e p t i b l e  t o  b r e a k d o w n  by t h e  I g A  s p e c i f i c  m i c r o b i a l  
p r o t e a s e s  / 1 8 /  and i t  i s  w e l l  known t h a t  i n  a c t i v e  CD t h e  
n u m b e r  o f  m i c r o o r g a n i s m s  i n  th e  s m a l l  i n t e s t i n e  i n c r e a s e s  / 3 1 / .  
The e l e v a t i o n  o f  I g A l  c e l l s  i n  c h i l d r e n  w i t h  u n t r e a t e d  CD may 
t h u s  compensa te  f o r  t h e  i n c r e a s e d  l o s s e s  o f  t h i s  s u b t y p e  o f  
i m m u n o g l o b u l i n .
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Our f i n d i n g s  c o n f i r m  t h a t  t h e  j e j u n a l  mucosa o f  a p a t i e n t  
w i t h  CD c o n t a i n s  h i g h e r  d e n s i t i e s  o f  c e l l s  w i t h  a l l  s u b c l a s s e s  
o f  IgG and I g A .  I n  o u r  s t u d y  t h e  p r o p o r t i o n s  o f  t h e  s u b c l a s s e s  
i n  t h e  c h i l d r e n  w i t h  CD and c o n t r o l s  d i d  n o t  d i f f e r  g r e a t l y .
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S. I l l i n g ,  K. J .  G r o n e u e r :  N e u r o d e r m i t i s  -  a t o p i s c h e  d e r m a t i t i s .
H i p p o k r a t e s  V e r l a g ,  S t u t t g a r t ,  1991 ,  p , 1 1 7 .  42 i l l u s t r a t i o n s
The w o rk  i s  a 1991 p u b l i c a t i o n  o f  H i p p o k r a t e s  V e r l a g ,  
S t u t t g a r t .  The 117 page  book c o n t a i n s  37 c h a r t s  and 5 d i a g r a m s .  
I t  i s  one o f  t h e  p u b l i s h e r ' s  w e l l - k n o w n  g re e n  and w h i t e  
p a p e r b a c k  m e d i c a l  b o o k s .
I n  t h e  i n t r o d u c t i o n  t h e  e d i t o r s  a l r e a d y  e m p h a s i z e ,  t h a t  
a t o p i c  d e r m a t i t i s ,  a c h r o n i c  and n o t  r e a l l y  c u r a b l e  i l l n e s s  
demands c o n t i n u a l  e f f o r t  and c o o p e r a t i o n  f r o m  t h e  p a t i e n t  and 
d o c t o r .  N e g a t i v i s t i c  comments,  s uch  as t h e  p a t i e n t  s h o u l d  
" l i v e  w i t h  h i s  i l l n e s s "  f o r c e  t h e  p a t i e n t  i n t o  t h e  h ands  o f  
a l t e r n a t i v e  t h e r a p i s t s .  L o o k i n g  b a c k  i n  h i s t o r y  shows t h a t  i n  
t h e  l a s t  c e n t u r y  t h e  i l l n e s s ,  l i k e  b r o n c h i a l  asthma was s c a r c e l y  
m e n t i o n e d .  The e q u i l i b r i u m  d i s t u r b a n c e  o f  t h e  v e g e t a t i v e  
n e r v o u s  s y s te m  ( n e u r o d e r m i t i s ) , t h e  r o l e  o f  n u t r i m e n t s  and 
a l l e r g i c  e t i o l o g y  ( s i n c e  P i r q u e t ' s  w o r d i n g )  a re  t h o u g h t  t o  have  
a p a r t  i n  i t s  e t i o l o g y .  The i l l n e s s  shows d i f f e r e n t  symptoms i n  
i n f a n t s ,  t o d d l e r s ,  c h i l d r e n  and a d u l t s .
The e p i d e m i o l o g y  o f  t h e  i l l n e s s  has  h a r d l y  been w o r k e d  o u t .  
The d a t a  v a r y  a c c o r d i n g  t o  w h e t h e r  t h e  m i l d  c a s e s  a r e  
r e c o g n i z e d  and c o u n t e d  i n  t h e  s t a t i s t i c s .  A c c o r d i n g  t o  
r e a l i s t i c  d a t a ,  w h i c h  i n c l u d e s  t h e  m i l d  c a s e s ,  i n  C e n t r a l  
E u ro pe  t h e r e  i s  a 3 - 4  \  o c c u r r e n c e  i n  p r e s c h o o l  c h i l d r e n  and an 
even  l o w e r  one among s c h o o l  c h i l d r e n .  The i l l n e s s ,  c o n t r a r y  t o  
as thma i s  more f r e q u e n t  i n  g i r l s  t h a n  b o y s .  As f a r  as t h e  
p r o g n o s i s  i s  c o n c e r n e d ,  a c c o r d i n g  t o  c e r t a i n  a u t h o r s ,  t h e r e  i s  
a r e c o v e r y  w i t h i n  3 y e a r s  i n  a b o u t  40 % o f  t h e  p a t i e n t s :  t h e  
d r y  s k i n  and p a l e n e s s  t y p i c a l  o f  t h e  d i so rde r  u s u a l l y  r e m a i n s .  
F a c t o r s  w h i c h  p o i n t  t o  an u n f a v o u r a b l e  p r o g n o s i s :  h i g h  I g E ,  
d e t e c t a b l e  s e n s i b i l i s a t i o n ,  d e t e c t a b i l i t y  o f  a n t i s t a p h y l o ­
c o c c u s  s p e c i f i c  I g E ,  l a t e  s t a r t .
Akadémiai Kiadó, Budapest
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The a p pea ra nce  o f  many t y p e s  o f  a t o p i c  d i s e a s e  i s  common i n  
t h e  p a t i e n t s :  a u t h o r s  f i n d  such f o r m s ,  m a i n l y  asthma b r o n c h i a l e  
i n  1 5 - 3 0  \  o f  t h e  e k c e m i c  p a t i e n t s .  I  w ou ld  l i k e  t o  n o t e  t h a t  
a c c o r d i n g  t o  t h e  r e v i e w e r ’ s own d a t a ,  i n  22 % o f  H u n g a r y ’ s 
a s t h m a t i c  c h i l d r e n  t h e r e  i s  e v i d e n c e  o f  ekcema d u r i n g  i n f a n t  
and  t o d d l e r  age and i n  5 % t h e  ekcema re m a in s  i n  a d u l t h o o d .  
A c c o r d i n g  t o  t h e  same s u r v e y  ekcema i s  more f r e q u e n t  among 
p a t i e n t s  s u f f e r i n g  f r o m  s e v e r e  as thma b r o n c h i a l e .
The c h a p t e r  and c h a r t s  on t h e  r o l e  o f  n o n - s p e c i f i c  s k i n  
s t i m u l i  i s  v e r y  u s e f u l .  They b r i n g  a b o u t ,  m a i n t a i n ,  a g g r a v a t e  
t h e  a t o p i c  s k i n  d i s o r d e r .  S k i n  i n f e c t i o n s , c lothes made f r om  
w o o l  o r  any o t h e r  r o u g h  m a t e r i a l  d i r e c t l y  t o u c h i n g  t h e  s k i n ,  
s o a p s ,  c h l o r i n e ,  w a s h i n g  l i q u i d s  and f a b r i c  s o f t e n e r s ,  
p e r s p i r i n g  due t o  h e a t ,  p s y c h i c  s t r e s s .  R e s p i r a t o r y  and e n t e r a l  
v i r a l  i n f e c t i o n s  a l s o  c o n t r i b u t e  t o  i t s  f l a m i n g  up.  From t h e s e ,  
i t  i s  c l e a r  t h a t  t h e  c a r e  o f  e k c e m i c  p a t i e n t  i s  m a n y - s i d e d .
The i n f o r m a t i o n  on t h e  r e l a t i o n s h i p  be tween t h e  d e f e c t s  o f  
t h e  immune s ys te m  and  a t o p i c  d e r m a t i t i s  i s  i n s t r u c t i v e .  The 
i n c r e a s e  i n  l e v e l  o f  t h e  t o t a l  I g E ,  as i n  most  a t o p i c  d i s o r d e r s  
c a n  a l s o  be f o u n d  h e r e .  IgA d e f i c i e n c y  i s  more f r e q u e n t  i n  
a t o p i c  d e r m a t i t i s  ( 1 : 3 0 0 )  t h a n  i n  c o m p l e t e l y  h e a l t h y  
i n d i v i d u a l s  ( 1 : 7 0 0 0 ) .  I n  X - l i n k e d  a g a m m a g l o b u l i n a e m i a  ekcema i s  
f r e q u e n t .  In  a s i g n i f i c a n t  number o f  c e l l u l a r  d e f e c t s  ( N e z e l o f ,  
d i  G e o r g i  sy n d ro m e ,  a t a x i a  t e l e a n g i e c t a s i a ,  W i s k o t t - A l d r i c h  
s y n d r o m e )  a t o p i c  d e r m a t i t i s  i s  o f t e n  f o u n d .
The p a t h o g e n i c  r o l e  o f  a l l e r g e n s  f e d  by fo o d  i s  d e a l t  w i t h  
c r i t i c a l l y .  F i n a l l y  t h e y  c l a i m  t h a t  f o o d  a l l e r g e n s  have  a r o l e  
i n  1 0 - 2 0  % o f  t h e  a t o p i c  d e r m a t i t i s  p a t i e n t s .  A w h o l e  c h a p t e r  
d e a l s  w i t h  t h e  norms o f  n o r m a l  a l i m e n t a t i o n  f r o m  t h e  n e w - b o r n  
t o  a d u l t h o o d ,  t h e  e f f e c t  o f  t h e  m e t h o d s  o f  p r e p a r a t i o n  on th e  
n u t r i m e n t s .  F i n a l l y  i n  c o n n e c t i o n  w i t h  t h e  p a t h o g e n e t i c  r o l e  o f  
n u t r i m e n t s ,  t h e i r  o p i n i o n  i s  t h a t  t h e  r e a l  p r o o f  has  i n  t h e  
d i s a p p e a r a n c e  o f  t h e  symptoms d u r i n g  e l i m i n a t i o n  t h e r a p y  and 
t h e i r  r e o c c u r r e n c e  d u r i n g  p r o v o c a t i o n .  They d i s c u s s  i n  d e t a i l  
how t h e  c a r e l e s s l y  o r d e r e d  and w i d e l y  used d i e t  can l e a d  t o  
d i s t u r b a n c e s  i n  d e v e l o p m e n t ,  t o  d e f e c t i v e  n u r i s h m e n t ,  f a c t o r  
d e f e c t s .  A p a r t  f r o m  r e a l  a l l e r g e n s  c o l o u r i n g  and c o n s e r v i n g
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a g e n t s :  s a l i c y l a t e s  and b e n z o a t e s  i n  f o o d ,  b i o g e n  am in es  f o u n d  
i n  f o o d  ( h i s t a m i n e ,  s e r o t o n i n ,  e t c . )  may a l s o  p l a y  a p a r t  i n  
t h e  symptoms and a r e  t h e r e f o r e  t o  be a v o i d e d .
Those s p e c i a l  b o r d e r - l i n e  c a s e s ,  w h e r e  t h e  h y p o a l l e r g e n  and 
h y p o a n t i g e n  f o r m u l a s  w h ic h  c o n t a i n  p r o t e i n  h y d r o l i s a t e s  a r e  
p r e f e r r e d  t o  b r e a s t  m i l k ,  a r e  m e n t i o n e d  h e r e .
The r e c i p e s  and t h e  a d v i c e  c o n c e r n i n g  t h e  l o c a l  t r e a t m e n t  o f  
t h e  s k i n  and m e d i c a l  t r e a t m e n t  o f  a t o p i c  d e r m a t i t i s  i s  
d e t a i l e d  and p r a c t i c a l .
A l l  i n  a l l ,  t h e  r e a d e r  h o l d s  a u s e f u l  p i e c e  o f  w o rk  w h i c h  
has a w id e  l i s t  o f  l i t e r a t u r e  and a f t e r  r e a d i n g  i t  w i l l  know 
a l l  t h e  e s s e n t i a l s  a b o u t  a t o p i c  d e r m a t i t i s .  The o p i n i o n s  and 
a d v i c e  a r e  a d e q u a t e .  Some p o i n t s  w h i c h  t h e  w r i t e r s  c o n s i d e r  t o  
be i m p o r t a n t ,  a r e  r e p e a t e d  t h r e e - f o u r  t i m e s  i n  t h e  t e x t .  The 
book w i l l  be o f  e q u a l l y  good use  t o  p a e d i a t r i c i a n s ,  
a l l e r g o l o g i s t s ,  d e r m a t o l o g i s t s  and g e n e r a l  p r a c t i t i o n e r s .
E . C s e r h á t i  , MD
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Sponsored by Ares-Serono
The European Society for Pediatric Endocrinology has established a Clinical Fellowship. 
The aim is to promote the development o f patient care and clinical research in pediatric 
endocrinology in Europe. The programme is primarily designed for European Centers where  
the possibilities for training in pediatric endocrinology are not available in the home 
situation. The Fellowship consists o f a l-to-2-year clinical training in a European Center 
with longstanding tradition of excellence in pediatric endocrinology. Applications fo r a 
short-term Fellowship aiming to improve quality in the management of a specific pediatric 
endocrine problem w ill also be taken into consideration. Financial support w ill be sufficient 
for a family. The deadline for application (i.e. submission o f the completed application 
form) is M ay 1st 1993 (postmarked). The Fellowship w ill begin effectively in Spring 1994.
Further information and application forms can be obtained from the Secretary o f the 
Fellowship Committee at the following address:
r
D r M  О Savage
Division of Paediatric Endocrinology 
St Bartholomew’s Hospital 
West Smithfield 
London EC1A 7BE
Tel. 010-44-71-601-8487 
Fax. 010-44-71-601-8505
U N IV E R S IT Ä T  7,U KÖLN 
IIE ILP Ä D A G O G IS C H E  FAKULTÄT 
l)r. Knrl-J. Kltif»c 
IJnIvcrsIlillsprorcssor 
ЛгЬсК.ч- und l4»rsclning.4.stlnvcr|)unk(: 
Angcwnndlc НсциЫспГ0п 1сп1пд 
und Aijßcrycwöbnliclics lernen
Kloslerslr. 79b 
5000 Köln 41 
Tclcfon-Dui climdil 
(0221) 40073-140 
Telefax:
(02102)30290
Ferienziel ’93 mal ganz anders
LERNEN-ERLEBEN-ENTDECKEN
W ir laden alle die Schüler im Alter von 10 -18 Jahren ein, die ihre Ferien
anspruchsvoll 
aufregend 
abwechlsungs reich
verbringen wollen und gleichzeitig sich und ihre persönlichen Stärken kennenlernen und erproben 
wollen
vom 26.(16.1993 bis 16.07.1993 in Salurn/Südtirol 
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P á l  Geges i  K i s s  d i e d  on t h e  3 r d  o f  March 1993.  I n  1950 he 
f o u n d e d  t h e  A c t a  P a e d i a t r i c a  H u n g a r i c a  and was i t s  e d i t o r  u n t i l  
h i s  d e a t h .
Pá l  Geges i  K i s s  has had a b r o a d  l i f e .  He was b o r n  i n  
N a g y s z ő l ő s  on 1 F e b r u a r y  1900 as t h e  o f f s p r i n g  o f  T r a n s y l v a n i a n  
p a r e n t s .  He wen t  t o  e l e m e n t a r y  and s e c o n d a r y  s c h o o l  i n  
S e p s i s z e n t g y ö r g y , C s í k s z e r e d a  and M a r o s v á s á r h e l y  wher e  he t o o k  
h i s  f i n a l  e x a m i n a t i o n s  i n  1917.  He s t a r t e d  s t u d y i n g  m e d i c i n e  a t  
t h e  U n i v e r s i t y  o f  S c i e n c e s  o f  K o l o z s v á r  t hen  c o n t i n u e d  i n  t h e  
M e d i c a l  F a c u l t y  o f  Pázmány P é t e r  U n i v e r s i t y ,  B u d a p e s t .  He 
g r a d u a t e d  h e r e  as m e d i c a l  d o c t o r  i n  1923.  A f t e r  h a v i n g  
c o m p l e t e d  t h e  o b l i g a t o r y  o n e - y e a r  i n t e r n s h i p ,  i n  1924 Pá l  
Geges i  K i s s  j o i n e d  t h e  U n i v e r s i t y  C h i l d r e n ' s  H o s p i t a l  as an 
u n p a i d  j u n i o r  d o c t o r  and wo r k e d  t h e r e  t h r o u g h o u t  h i s  wh o l e  
l i f e .
I n  1924 t h e  d i r e c t o r  o f  t h e  C h i l d r e n ' s  H o s p i t a l  was s t i l l  
János  Bokay J u n i o r ,  so Pá l  Geges i  K i s s  r e a l l y  b e l o n g e d  t o  t h e  
Bokay s c h o o l .  D u r i n g  t h e  3 0 ' s ,  u n d e r  t h e  l e a d e r s h i p  o f  E l emér  
H a i n i s s  he wo r k e d  t o g e t h e r  w i t h  a number  o f  e mi nen t  c o l l e a g u e s :  
J ó z s e f  Csapó and Edmund K e r p e l - F r o n i u s , t h e  f i r s t  r e p r é s e n t a n t s  
o f  p h y s i o l o g i c a l  and b i o c h e m i c a l  v i e w s  i n  p a e d i a t r i c s ,  Gyö r gy  
L é n á r t ,  f o u n d e r  o f  m e d i c a l  g e n e t i c s  i n  Hungar y ,  A u r é l  Koos ,
Akadémiai  Kiadó,  Budapest
fOLi'JMÁNVOt- AKADÉMIA 
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f o u n d e r  o f  t h e  H u n g a r i a n  p a e d i a t r i c  s u r g e r y ,  Eugene K o p i t s ,  
o r t h o p a e d i c  s u r g e o n .  At  t h a t  t i m e  P á l  Gegesi  K i s s  was 
i n t e r e s t e d  i n  p a e d i a t r i c  c a r d i o l o g y  and m e t a b o l i c  p r o b l e m s  o f  
i n f a n t s  and c h i l d r e n .  He s t u d i e d  t h i s  f i e l d  o f  m e d i c i n e  i n  
P a r i s  f o r  a y e a r .  The f i n d i n g  t h a t  t h e  p a t h o g e n e s i s  o f  t h e  
i n f a n t i l e  t o x i c  s y n d r o m e  i n v o l v e s  i n s u f f i c i e n t  c i r c u l a t i o n  
c a u s e d  by e x t r e m e  t a c h y c a r d i a  i s  a v a l i d  s t a t e m e n t  even t o d a y .  
He d i s c o v e r e d  t h a t  due t o  t h e  e x t r e m e  t a c h y c a r d i a  a c u t e  
c o r o n a r y  i n s u f f i c i e n c y  d e v e l o p s  w h i c h  r e s u l t s  i n  h y p o x i a  o f  t h e  
m y o c a r d i u m .  H i s  c o - w o r k e r  bet ween 1940 and  1960 i n  t h e  f i e l d  o f  
c a r d i o l o g y  was J u l i u s  S z u t r é l y .
He had a c o n t i n u o u s l y  r i s i n g  p r o f e s s i o n a l  c a r e e r .  I n  1934 
he q u a l i f i e d  as a l e c t u r e r ,  i n  1942 as an a s s o c i a t e  p r o f e s s o r ,  
b e t w e e n  1946 and 1971 he was t h e  d i r e c t o r  and f u l l  p r o f e s s o r  o f  t h e  
U n i v e r s i t y  C h i l d r e n ' s  H o s p i t a l .  I n  1949 he was e l e c t e d  as 
c o r r e s p o n d i n g  member ,  i n  1951 as f u l l  member o f  t h e  H u n g a r i a n  
Academy o f  S c i e n c e s .  From 1949 t o  1955 he was Oean o f  t h e  
M e d i c a l  F a c u l t y ,  t h e n  be t ween 1955 and 1961 the f i r s t  r e c t o r  o f  t h e  
Se mme l we i s  M e d i c a l  U n i v e r s i t y .
I m m e d i a t e l y  a f t e r  t h e  w o r l d  war  P á l  Geges i  K i s s  f o u n d e d  an 
i n t e r n a t i o n a l  s c i e n t i f i c  p e r i o d i c a l :  P a e d i a t r i a  D a n u b i a n a .  
R e g r e t t a b l y ,  h o w e v e r ,  t h i s  j o u r n a l  d i d  n o t  e x i s t  f o r  l o n g  due 
t o  t h e  s p e c i a l l y  u n f a v o u r a b l e  c i r c u m s t a n c e s  o f  t he  t i m e .  L a t e r  
on t h e  Ac t a  P a e d i a t r i c a  H u n g a r i c a  was e s t a b l i s h e d  as i t s  
c o n t i  n u a t i  o n .
F o l l o w i n g  t h e  c o m m u n i s t  t a k e - o v e r  i n  1949,  p s y c h o l o g y  was 
an u n r e c o g n i z e d  and even  r e p r e s s e d  f i e l d  o f  s c i e n c e .  I n  s p i t e  
o f  t h i s ,  Pá l  Geges i  K i s s  w i t h  h i s  c o - w o r k e r ,  P. Lucy L i e b e r m a n n  
e s t a b l i s h e d  a p s y c h o l o g i c a l  u n i t  f o r  p a e d i a t r i c  p a t i e n t s .  T h i s  
u n i t  was a l l  t h e  mor e  s i g n i f i c a n t ,  s i n c e  i t  was t h e  o n l y  
p s y c h o l o g i c  ward  and o u t p a t i e n t s  c l i n i c  i n  Bu d a p e s t  and 
p r o b a b l y  i n  t h e  w h o l e  c o u n t r y .  T h i s  c o n s t i t u t e d  t he  b a s i s  o f
Obi tu a r  y 129
t h e  U n i v e r s i t y  t e a c h i n g  g r o u p  f o r  p s y c h o l o g y  w h i c h  was l a t e r  
d e v e l o p e d .  I n  1960 he r e s t a r t e d  t h e  H u n g a r i a n  s c i e n t i f i c  
j o u r n a l :  P s z i c h o l ó g i a i  Szeml e .
He p u b l i s h e d  19 books  ( p a r t l y  i n  German and R u s s i a n )  and 
more t h a n  200 s c i e n t i f i c  p a p e r s .
He was p r e s i d e n t  o f  t h e  H u n g a r i a n  Red Cr oss  f r o m 1957 and 
had a s i g n i f i c a n t  p a r t  i n  i t s  r e o r g a n i z a t i o n  as r e g a r d s  t h e  
h u m a n i t a r i a n  home and i n t e r n a t i o n a l  a c t i v i t y .
Pá l  Geges i  K i s s  was d e c o r a t e d  w i t h  s e v e r a l  awa r ds  d u r i n g  
h i s  l i f e ,  t h e  mos t  i m p o r t a n t  o n e s :  N a t i o n a l  ( K o s s u t h )  a w a r d ,  
1 953 ,  Go l den  Meda l  o f  t h e  H u n g a r i a n  Academy o f  S c i e n c e s ,  1973 
and t h e  L a u r e l  Meda l  o f  t h e  H u n g a r i a n  P e o p l e ' s  R e p u b l i c .  Pá l  
Geges i  K i s s  was a member o f  an a v a n g a r d e  g r oup  c a l l e d  E u r o p e a n  
s c h o o l  s i n c e  1945.  The a c t i v i t y  o f  t h i s  g r o u p  was banned  i n  
1949 .  I n  memory o f  h i s  f i r s t  w i f e ,  t h e  s c u l p t r e s s  E r z s é b e t  Haán 
F o r g á c h ,  he p r e s e n t e d  h e r  300 avant -garde wor ks  o f  a r t  t o  t h e  
Janus  P a n n o n i u s  Museum,  Pécs ,  t h e r e b y  f o u n d i n g  t h e  moder n  
g a l l e r y  o f  t h e  Museum.
He p u b l i s h e d  s e v e r a l  a r t i s t i c  s t u d i e s  i n  t h e  j o u r n a l  
" A l k o t á s "  s t a r t e d  by L a j o s  K a s s á k .  As a r e s u l t  o f  t h i s  l i t e r a r y  
a c t i v i t y  he was e l e c t e d  t o  be a member o f  t h e  H u n g a r i a n  PEN 
C l u b .  He was a l s o  member o f  t h e  H u n g a r i a n  O l y mp i c  C o m m i t t e e .  He 
gave  l e c t u r e s  a t  t h e  S c h o o l  o f  P h y s i c a l  E d u c a t i o n .  He won t h e  
se c o n d  p l a c e  i n  t h e  H u n g a r i a n  t e n n i s  c h a m p i o n s h i p .
W i t h  h i s  d e a t h  we have l o s t  an o u t s t a n d i n g  p h y s i c i a n ,  
h e a l t h  d i r e c t o r  and a f a r - s i g h t e d  i n t e l l e c t u a l .  Many o f  us w i l l  
p r e s e r v e  h i s  memory.
M i l t é n y i Mi k l ó s
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THE MATERNO-FETAL NITROGEN RELATIONSHIP:  
f u r t h e r  o b s e r v a t i o n s
Maur een YOUNG
E m e r i t u s  P r o f e s s o r  o f  P e r i n a t a l  P h y s i o l o g y ,  T o f t ,  Ca mb r i d g
R e c e i v e d  21 O c t o b e r  1993
I .  P r o t e i n  t u r n o v e r  d u r i n g  i n t r a - u t e r i n e  d e v e l o p m e n t
The p l a c e n t a
The wh o l e  f e t u s  and i n d i v i d u a l  o r g a n s  
Human s t u d i e s  
Myomet r  i um
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The F e t u s  -
"Open f o r  b u s i n e s s  d u r i n g  a l t e r a t i o n s "
AG S t r e e t e r
INTRODUCTION
The i n t e r e s t s  o f  i n v e s t i g a t o r s  i n t o  t h e  p h y s i o l o g y  o f  t h e  
p l a c e n t a  have passed  t h r o u g h  many p h a s e s ,  b e i n g  d o m i n a t e d  e a r l y  
by  s t u d i e s  o f  i t s  m a c r o s c o p i c  and m i c r o s c o p i c  s t r u c t u r e ,  
e n d o c r i n o l o g y ,  b l o o d  s u p p l y  and t r a n s p o r t  c a p a c i t y .  These have 
g i v e n  way,  t e m p o r a r i l y ,  t o  a m u l t i t u d e  o f  i n v e s t i g a t i o n s  o f  t h e  
c e l l u l a r  and m o l e c u l a r  b i o l o g y  o f  t h e  t i s s u e s  r e l a t i n g  t o  
t h e  s y n t h e s i s  o f  h o r m o n e s ,  membrane t r a n s p o r t  mechan i sms  and 
t h e  i mmuno l ogy  o f  t h e  m a t e r n o - f e t a l  r e l a t i o n s h i p .  P r o g r e s s  i n  
t h e s e  l a t t e r  s u b j e c t s  have  been r e v i e w e d  r e c e n t l y  / 1 1 ,  81 ,  121,  
1 2 6 /  and t he  p u r p o s e  o f  t h i s  a r t i c l e  i s  t o  d i s c u s s  some a s p e c t s  
o f  t h e  p h y s i o l o g y  o f  t h e  i n t a c t  m a t e r n o - f e t a l  u n i t  w h i c h  a r e  
p r e s e n t l y  e n g a g i n g  t h e  a c t i v i t i e s  o f  o t h e r  i n v e s t i g a t o r s .  
P r o g r e s s  i n  t h i s  f i e l d  has  been e x c i t i n g ,  t o o ,  f o r  t h r e e  mai n 
r e a s o n s .  F i r s t l y ,  i n t e r e s t  i n  t h e  d e v e l o p m e n t a l  a s p e c t s  o f  
p r o t e i n  t u r n o v e r ,  r e p r e s e n t i n g  t h e  g e n e t i c  g r o w t h  p o t e n t i a l  o f  
t h e  f e t u s ,  has been c o n t i n u e d  by G o l d s p i n k  and h i s  c o l l e a g u e s  
/ 5 3 ,  9 6 / ;  o t h e r s  h a v e  s t u d i e d  t h e  i n f l u e n c e  o f  m a t e r n a l  
n u t r i t i o n  on f e t a l  p r o t e i n  t u r n o v e r ,  t o g e t h e r  w i t h  i t s  
i n f l u e n c e  on t h e  r e l a t i v e  p r o p o r t i o n s  o f  m a t e r n a l  endogeneous  
and  exogeneous  n i t r o g e n  r e a c h i n g  t h e  f e t u s  / 9 2 ,  9 8 / .  S e c o n d l y ,  
B a t t a g l i a  and M e s c h i a ' s  g r o u p  have c o n t i n u e d  t o  use t h e  c h r o n i c  
p r e p a r a t i o n ,  w i t h  i n d w e l l i n g  c a t h e t e r s  i n  t h e  f e t a l  l amb ' i n  
u t e r o ' ,  t o  p u r s u e  w i t h  g r e a t  a d v a n t a g e  t h e  use o f  t h e  F i c k  
p r i n c i p l e ,  f o r  q u a n t i t a t i v e  s t u d i e s  o f  t h e  m e t a b o l i c  
r e l a t i o n s h i p s  b e t w e e n  t h e  mo t he r  and p l a c e n t a  and t h e  p l a c e n t a  
w i t h  t h e  f e t u s  and i t s  o r g a n s  d u r i n g  g e s t a t i o n  / 3 ,  4 / :  t h e  
i n t r o d u c t i o n  o f  c h r o n i c  p r e p a r a t i o n s  i n  s m a l l e r  a n i m a l s ,  such
Materno-fetal nitrogen 133
as t h e  g u i n e a  p i g  and r a b b i t ,  e n a b l e  s p e c i e s  c o m p a r i s o n s  t o  be 
made / 7 7 ,  1 06 /  and t h e  p e r f u s e d  p l a c e n t a s  o f  t hese  a n i m a l s  have 
h e l p e d  an u n d e r s t a n d i n g  o f  t h e  s e p a r a t e  p l a c e n t a l  mec h a n i s ms  
i n v o l v e d  i n  f e t a l  n u t r i t i o n  / 2 ,  9,  1 4 5 / .  F i n a l l y ,  t h e  c l i n i c a l  
use o f  c o r d o c e n t e s i s  has p r o v i d e d  t h e  means o f  s t u d y i n g  t h e  
m e t a b o l i c  e n v i r o n m e n t  o f  human f e t u s e s  f r om e a r l y  s t a g e s  i n  
g e s t a t i  on / 3 7 , 1 2 4 / .
F o o t n o t e
I t  was a p r i v i l e g e  t o  have a g u e s t  f r o m  Hungar y ,  D r .  Gy u l a  
S o l t é s z ,  w o r k i n g  w i t h  us i n  t h e  l a b o r a t o r y  f r om 1 9 7 2 - 7 3 ,  a t  S t .  
T homas ' s  H o s p i t a l  M e d i c a l  S c h o o l ,  L o n d o n :  he came a t  t h e  
s u g g e s t i o n  o f  P r o f .  J u l i u s  Me s t y á n  o f  Pécs ,  because  o f  our  
common i n t e r e s t  i n  t h e  a m i n o - a c i d  e n v i r o n m e n t  o f  t h e  f e t u s  and 
n e w b o r n .  We have  n o t  l o s t  c o n t a c t  o v e r  t h e  y e a r s  and i t  i s  a 
g r e a t  p l e a s u r e  t o  be asked t o  c o n t r i b u t e  t o  t h i s  j o u r n a l  a g a i n  
/ 1 3 8 b / .
F e t a l  d e v e l o p m e n t  and g r o w t h  a r e ,  s u r e l y ,  two o f  t h e  mos t  
i m p o r t a n t  t o p i c s  i n  b i o l o g y  and t h e  u n d e r l y i n g  f u n c t i o n a l  
mechan i sms  some o f  t h e  most  f a s c i n a t i n g .  F e t a l  s t u d i e s  have  
f o r me d  a v i g o r o u s  s e c t i o n  o f  p h y s i o l o g y  over  t h e  l a s t  50 
y e a r s ,  because  o f  t h e  c o n c e r n  f o r  t h e  h i g h  n e o n a t a l  m o r t a l i t y ,  
and m o r b i d i t y ,  o f  t h e  human i n f a n t  and newborn a n i m a l ,  b o r n  
e i t h e r  l i g h t e r  o r  h e a v i e r  t h a n  e x p e c t e d  f o r  t h e i r  g e s t a t i o n a l  
age .  Now t h e i r  c h a l l e n g e  i s  e n h a n c e d  by e p i d e m i o l o g i c a l  
e v i d e n c e  f o r  t h e  p o s s i b l e  i n t r a - u t e r i ne o r i g i n  o f  e a r l y  a d u l t  
c a r d i o v a s c u l a r  d i s e a s e s  and d i a b e t e s  / 1 / .
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I .  PROTEIN TURNOVER DURING INTRA-UTERINE DEVELOPMENT
A t o t a l  o f  a b o u t  60 g p r o t e i n  has  been l a i d  down i n  t h e  
human p l a c e n t a  by f u l l  t e r m ,  40 g o f  t h i s  i s  a l r e a d y  p r e s e n t  a t  
20 weeks g e s t a t i o n  when t h e  p l a c e n t a  and f e t u s  we i gh  a b o u t  t h e  
s ame ,  250 g e a c h .  S u b s e q u e n t l y ,  t h e  p l a c e n t a  o n l y  d o u b l e s  i t s  
w e i g h t  w h i l e  t h e  f e t u s  embarks  on t h e  ma j o r  phase o f  i t s  
g r o w t h ,  r e a c h i n g  3 . 5  kg a t  t e r m ,  w i t h  a p r o t e i n  c o n t e n t  o f  500 
g .  T h e r e  i s  a b o u t  5% p r o t e i n  i n  t h e  t i s s u e s  o f  t h e  s m a l l  embr yo 
and  t h i s  p r o p o r t i o n  r i s e s  t o  12% i n  t h e  f e t a l  t i s s u e s  a t  t e r m .  
T h e s e  f a m i l i a r  f a c t s  s e r v e  t o  r e m i n d  us o f  t h e  eve r  c h a n g i n g  
p r o p o r t i o n s  w h i c h  t h e  p r o d u c t s  o f  c o n c e p t i o n  p l a y ,  i n  
e x p r e s s i n g  t h e i r  g e n e t i c  demand f o r  g r o w t h ,  d u r i n g  g e s t a t i o n .  
S i n c e  t h e  mi xed  p r o t e i n s  a r e ,  a f t e r  w a t e r ,  t he  most  a b u n d a n t  
c o n s t i t u e n t s  o f  a l l  c e l l s ,  t h e i r  t o t a l  a c t i v i t y ,  s y n t h e s i s  and 
t u r n o v e r  r a t e s  i n  t h e  c o n c e p t u s ,  w i l l  r e p r e s e n t  a l a r g e  
p r o p o r t i o n  o f  t h i s  g e n e t i c  demand,  r e s u l t i n g  i n  t h e  s t e a d y  
a c c u m u l a t i o n  o f  p r o t e i n  c h a r a c t e r i s t i c  o f  g r o w t h .  T h i s ,  i n  
t u r n ,  w i l l  be m o d i f i e d  by t h e  r e s p o n s e  o f  t h e  m a t e r n a l  t i s s u e s  
w h i c h  s h o u l d  p r o v i d e  t h e  op t i mum s u p p l y  o f  n u t r i e n t s  t o  meet  
t h i s  m e t a b o l i c  demand,  t h r o u g h  t h e  c o m p o s i t i o n  o f  h e r  p l asma  
and  t h e  m a t e r n a l  p l a c e n t a l  b l o o d  f l o w ;  t h i s  e x t e r n a l  f e t a l  
e n v i r o n m e n t  s u p p l i e d  by t h e  m o t h e r  w i l l  depend upon  he r  
n u t r i t i o n  and w e l l b e i n g .  F u r t h e r ,  t h e r e  i s  a g e n e t i c  ch a n g e  i n  
t h e  i n t r i n s i c  p r o p e r t i e s  o f  t h e  f e t a l  t i s s u e  p r o t e i n s  d u r i n g  
d e v e l o p m e n t ,  as w e l l  as t h e  change i n  h o r mo n a l  r e s p o n s e  o f  t h e  
m a t e r n a l  t i s s u e s  and myomet r i um t o  e n s u r e  t h e  s u p p l y  o f  
n u t r i e n t  t o ,  and a c c o mmo d a t i o n  o f ,  t h e  f e t u s  i n  t h e  u t e r u s .
The h i g h  a c t i v i t y  o f  t h e  s y n t h e s i s  and t u r n o v e r  r a t e s  o f  t h e  
m i x e d  p r o t e i n  i n  y o u n g ,  d e v e l o p i n g ,  a n i m a l s  was f i r s t  shown i n  
s k e l e t a l  musc l e  by W a t e r l o w  and S t e p h e n  / 1 3 3 /  who o b s e r v e d  t h a t  
p r o t e i n  s y n t h e s i s  was i n v e r s e l y  r e l a t e d  t o  body w e i g h t  i n  young  
r a t s .  S u b s e q u e n t l y ,  t u r n o v e r  r a t e s  we r e  shown t o  be h i g h e r  t h a n  
i n  t h e  a d u l t  i n  t h e  newb o r n  l amb ,  t h e  f e t a l  l amb and i n d i v i d u a l  
f e t a l  t i s s u e s  and i n  The newborn human i n f a n t  / s e e  1 3 8 c / ;  t h i s
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h i g h  t u r n o v e r  r a t e  m i g h t  be e x p e c t e d  t o  accompany p r o t e i n  
a c c u m u l a t i o n  d u r i n g  g r o w t h ,  t o  accommodat e  t h e  d i f f e r e n t i a t i o n  
and r e m o d e l l i n g  o f  t h e  t i s s u e s  d u r i n g  d e v e l o p m e n t .
I h e  measur ement s  t o  be d e s c r i b e d ,  have a l l  been made u s i n g  
r a d i o a c t i v e l y  l a b e l l e d  i s o t o p e s :  t h e y  depend ,  i n  g e n e r a l ,  on 
t h e  u p t a k e  by p r o t e i n  o f  t h e  l a b e l l e d  a m i n o - a c i d  i n  t h e  s t e a d y  
s t a t e ;  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  a m i n o - a c i d  i n  t h e  p r o t e i n  
p o o l  i s  r e l a t e d  t o  t h a t  i n  t h e  p r e c u r s o r  p o o l ,  p l a s m a  or  
i n t r a c e l l u l a r  / 1 3 4 / .  More r e c e n t l y ,  t h e  s i m p l e r  me t h o d  o f  
f l o o d i n g  t h e  p r e c u r s o r  p o o l  w i t h  a l a r g e  dose o f  r a d i o a c t i v e l y  
l a b e l l e d  p h e n y l a l a n i n e  ( e n a b l i n g  t h e  i n t r a - c e l l u l a r  p o o l  t o  
r e a c h  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  p l asma q u i c k l y ,  so 
e l i m i n a t i n g  t h e  n e c e s s i t y  f o r  a c o n t i n u o u s  i n f u s o n  o f  t h e  
l a b e l  t o  a t t a i n  a s t e a d y  s t a t e ) ,  has been used t o  meas u r e  
p r o t e i n  s y n t h e s i s  r a t e  i n  s m a l l  a n i m a l s  / 4 7 / .
The p l a c e n t a
The f r a c t i o n a l  s y n t h e s i s  r a t e  o f  t h e  mi xed p r o t e i n  i n  t h i s  
t i s s u e  was f ound  t o  be l o w e r  t h a n  o t h e r  f e t a l  t i s s u e s ,  e x c e p t  
s k e l e t a l  mu s c l e ,  i n  t h e  sh e e p ,  b u t  t h e  h a l f  l i f e  was one f i f t h  
o f  t h a t  i n  t h e  m a t e r n a l  l i v e r  / 9 9 ,  1 4 3 / .  These f i n d i n g s  were  
c o n f i r m e d  i n  t h e  r a t  by M a y e l - A f s h a r  and G r i m b l e  / 8 7 /  and by 
M o r t o n  and G o l d s p i n k  / 9 6 / ;  t h e  l a t t e r  r e p o r t e d  a f r a c t i o n a l  
s y n t h e s i s  r a t e  o f  60%/ day  f o r  m i x e d  p l a c e n t a l  p r o t e i n s ,  
c o m p a r a b l e  w i t h  t h a t  i n  t h e  sheep d u r i n g  t h e  l a s t  t r i m e s t e r :  
F i g .  l a  shows t h a t  t h e  v a l u e  f a l l s  t o  22%/ day by 20 days  
g e s t a t i o n  and,  f u r t h e r ,  t h a t  t h e  f r a c t i o n a l  s y n t h e s i s  r a t e  o f  
t h e  who l e  f e t u s  i s  h i g h e r ,  75%/ day ,  f a l l i n g  t o  38%/ day b e t w e e n  
14 and 20 days g e s t a t i o n .  S i m i l a r  v a l u e s  f o r  r a t  p l a c e n t a l  
p r o t e i n  s y n t h e s i s  have  r e c e n t l y  been f ound  by J o h n s o n  and 
G r e e n b e r g  / 7 0 / .
I t  i s  s u g g e s t e d  t h a t  t h i s  l a r g e  m e t a b o l i c  g r a d i e n t  b e t w e e n  
t h e  mo t he r  and f e t u s ,  p r o v i d e s  t h e  p r i o r i t y  f o r  t h e  u p t a k e  o f  
n u t r i e n t s  by t h e  c o n c e p t u s  f r om t h e  m o t h e r ,  t o  s a t i s f y  i t s
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F i gur e  1 (a) Prote i n s yn t hes i s  i n the r a t  f e t us  ( i )  i s  greater  t h a n  i n 
the p l acent a  ( Î ) ;  both decrease dur i ng  ges tat i on,  (b)  Pro t e i n  
accret i on i n  the r a t  f etus ( i  ) cont i nues to r i s e  t o  term 
whi l e t h a t  i n  the placenta (£)  ceases to increase f rom IB days 
ges t a t i on  ( f r om r e f .  54)
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g e n e t i c  g r o w t h  p o t e n t i a l .  I h e  p l a c e n t a  w i l l  be t h e  ma i n  
b e n e f i c i a r y  o f  t h e  n e t  u p t a k e  d u r i n g  t h e  f i r s t  h a l f  o f  
g e s t a t i o n ,  w h i l e  i t  g r ows  and i t s  w e i g h t  exceeds  t h a t  o f  t h e  
f e t u s ;  l a t e r ,  as t h e  f e t u s  gr ows  and i t s  c a r d i a c  o u t p u t  and 
p l a c e n t a l  b l o o d  f l o w  i n c r e a s e ,  t h e  p o s i t i o n  w i l l  g r a d u a l l y  be 
r e v e r s e d .  I t  wo u l d  be v e r y  i n t e r e s t i n g  t o  know t h e  p a r t  p l a y e d  
by t h e  h i g h  p r o t e i n  t u r n o v e r  r a t e  o f  t h e  b l a s t o c y s t  i n  t h e  
s u c c e s s  o f  i m p l a n t a t i o n .
The wh o l e  f e t u s  and i n d i v i d u a l  o r g a n s
G o l d s p i n k  and h i s  c o l l e a g u e s  have made r i g o r o u s l y  c o n t r o l l e d  
o b s e r v a t i o n s  on t h e  changes  i n  p r o t e i n  t u r n o v e r  and a c c r e t i o n  
r a t e s ,  w i t h  t h e  n u c l e i c  a c i d  c o n c e n t r a t i o n s  wh i c h  accompany  t h e  
n o r m a l  p a t t e r n s  o f  g r o w t h  i n  t h e  v a r i o u s  t i s s u e s  o f  t h e  r a t .  
d u r i n g  p r e -  and p o s t n a t a l  l i f e ;  t h e  same s t r a i n  and sex  o f  
a l b i n o  r a t s ,  f e d  and housed i n  t h e  same manner  and s t u d i e d  a t  
t h e  same t i m e  o f  d a y ,  were u s e d .  F i g .  l b  shows t h a t  t h e  
a c c r e t i o n  o f  p r o t e i n  p r o c e e d s  i n  t h e  r a t  f e t u s  t o  20 d a y s  and 
t o  18 days  i n  t h e  p l a c e n t a ,  i n s p i t e  o f  t h e  f a l l  i n  t u r n o v e r ,  
s u g g e s t i n g  t h a t  t h e  a v e r a g e  d e g r a d a t i o n  r a t e  o f  p r o t e i n  f a l l s  
more s l o w l y  t h a n  t h a t  o f  s y n t h e s i s  d u r i n g  d e v e l o p m e n t .  The 
v a l u e s  f o r  p r o t e i n  s y n t h e s i s  i n  t h e  w h o l e  f e t a l  l amb a r e  l o w e r  
t h a n  i n  t h e  r a t ,  b u t  a l s o  d e c r e a s e d  by 50% f r om 110 d a y s  t o  
t e r m  / 8 8 / ;  t h i s  may be e x p l a i n e d  by t h e  g r e a t e r  m a t u r i t y  o f  t h e  
l amb i n  c o m p a r i s o n  w i t h  t h e  r a t  f e t u s ,  and t o  d i f f e r e n c e s  i n  
t h e  r e l a t i v e  p r o p o r t i o n s  o f  t h e  t i s s u e s  i n  t h e  two s p e c i e s .  
B e l l  e t  al# / 6 /  have a l s o  o b s e r v e d  a 56% de c r e a s e  i n  o x y g e n  
c o n s u m p t i o n  i n  t h e  l amb dur i ng the l a s t  h a l f  o f  g e s t a t i o n ,  when 
t h i s  i s  e x p r e s s e d  i n  r e l a t i o n  t o  t h e  d r y  w e i g h t  o f  t h e  f e t u s ;  a 
p a r a l l e l  f a l l  was o b s e r v e d  i n  t h e  a g g r e g a t e  w e i g h t  o f  t h e  v i t a l  
o r g a n s ,  l i v e r ,  k i d n e y ,  h e a r t  and b r a i n .
A d e t a i l e d  a n a l y s i s  has been made o f  t h e  p a r t  p l a y e d  by t h e  
c h a n g i n g  p r o p o r t i o n s  o f  i n d i v i d u a l  t i s s u e s  i n  t he  w h o l e  r a t  
b o d y ,  t o  t h e  d e c l i n e  i n  b o t h  p r o t e i n  s y n t h e s i s  and d e g r a d a t i o n
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d u r i n g  i n t r a - u t e r i n e  l i f e ,  t h r o u g h  m a t u r i t y  t o  s e n i l i t y :  
d e g r a d a t i o n  was c a l c u l a t e d  f r o m  t h e  d i f f e r e n c e  b e t w e e n  
s y n t h e t i c  r a t e ,  me a s u r e d  by i s o t o p e  u p t a k e ,  and p r o t e i n  
a c c r e t i o n ,  as me a s u r e d  ove r  s h o r t t i m e  i n t e r v a l s ;  t h e y  were 
r e l a t e d  t o  changes  i n  b o t h  c e l l u l a r  h y p e r p l a s i a  (DNA c o n t e n t )  
and  h y p e r t r o p h y  ( p r o t e i n / D N A  r a t i o s ) .  T a b l e  I  shows t h e  
f r a c t i o n a l  s y n t h e s i s  r a t e s ,  and t h e i r  d e c l i n e ,  i n  some f e t a l  
t i s s u e s  d u r i n g  t h e  l a s t  t h i r d  o f  g e s t a t i o n :  t h e  r a t e  i n  t h e  
b r a i n  i s  one o f  t h e  s l o w e s t  a t  47%, b u t  i t s  d e c l i n e  i n t o  t h e  
p o s t n a t a l  p e r i o d  i s  a l s o  s l o w ;  t h e  c a l c u l a t e d  b r e a k d o w n  i s  
f a s t ,  35 t o  2 7 % /  d a у , i n d i c a t i n g  a r a p i d  t u r n o v e r  d u r i n g  g r o w t h  
/ 5 1 b / .  I n  a l l  t h e  v i s c e r a l  t i s s u e s  t h e  f r a c t i o n a l  s y n t h e s i s  
r a t e  i s  h i g h ,  a b o u t  100%/ day  or  mo r e ,  e a r l y  i n  g e s t a t i o n  / 5 4 / :  
i t  d e c l i n e s  mos t  r a p i d l y  i n  t h e  l i v e r  and q u i t e  s l o w l y  i n  t h e  
g u t ;  b r eakdown  i s  a l s o  r e l a t i v e l y  h i g h ,  be t ween  30 and 5 0 %/ d a y ,  
so t h a t  t u r n o v e r  i s  a l s o  r a p i d  i n  t h e s e  t i s s u e s .
The mu s c u l a r  t i s s u e s  o f  t h e  b ody  have r e l a t i v e l y  l o w e r  
f r a c t i o n a l  s y n t h e s i s  r a t e s :  t h o s e  f o r  c a r d i a c  and s moo t h  mu s c l e  
a r e  t h e  h i g h e s t ,  t h e  l a t t e r  d e c l i n i n g  s l o w l y  d u r i n g  g r o w t h ;  t h e  
f r a c t i o n a l  s y n t h e s i s  r a t e  i s  o n l y  a b o u t  20%/day f o r  s k e l e t a l  
m u s c l e  i n  wh i c h  t h e  b r e a k d o wn  r a t e  i s  a l s o  l o w,  8 - 1 0 %/ d a y  / 7 6 / .  
When a l l  t h e s e  v a l u e s  were r e l a t e d  t o  t h e  w e i g h t s  o f  t h e  
t i s s u e s  and t h e i r  p r o t e i n  c o n t e n t , ,  t h e  c o n t r i b u t i o n s  o f  t h e  
p r o t e i n  s y n t h e t i c  a c t i v i t y  o f  t h e  v a r i o u s  o r g a n s  t o  t h a t  o f  t h e  
w h o l e  body c o u l d  be c a l c u l a t e d :  i t  i s  seen  i n  Tab l e  I I  t h a t  t h e  
l i v e r  c o n t r i b u t e s  12.6% and s k e l e t a l  mu s c l e  16% a t  t h e  end o f  
g e s t a t i o n  i n  t h e  f e t a l  r a t ;  i n  t h e  w e a n l i n g  r a t  t h e  p r o p o r t i o n  
o f  s k e l e t a l  mu s c l e  i n c r e a s e s  t o  53%, w h i l e  t h a t  o f  t h e  l i v e r  
and  i n t e s t i n e s  a r e  now 6.5% and 11%,  r e s p e c t i v e l y  / 5 5 / .
S k i n  c o n t r i b u t e s  a b o u t  25% and b o n e ,  known t o  have  a h i g h  
t u r n o v e r  o f  c a l c i u m  i n  t h e  a d u l t ,  w i l l  a l s o  p r o b a b l y  p r o v i d e  a 
m a j o r  c o n t r i b u t i o n  t o  t h e  t o t a l  body  t u r n o v e r .  The v a l u e s  f o r  
f r a c t i o n a l  p r o t e i n  s y n t h e t i c  r a t e  f o u n d  i n  t h e  f e t a l  l amb b r a i n  
and  l i v e r  i n  t h e  l a s t  t r i m e s t e r ,  a r e  s i m i l a r  t o  t h o s e  i n  t h e  
r a t  and c o n f i r m  a v e r y  h i g h  r a t e  f o r  t h e  i n t e s t i n e s  / 1 1 9 / .  The 
d e v e l o p m e n t a l  c h a n g e s  i n  i n d i v i d u a l  o r g a n s  and t h e i r  r e l a t i o n
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TABLE I
P r o t e i n  s y n t h e s i s  i n  d e v e l o p i n g  r a t  t i s s u e s
F r a c t i  o n a l r a t e  % day
Ti  ss ue F e t u s Young
g e s t a t i o n a l  age i n  days 21 days  o f  age
16 18 20
B r a i n 58 47 41 31
L i v e r 112 134 97 52
I n t e s t i n e s
( s m a l l  and l a r g e ) - 107 86 94
Lung - 93 49 33
К i dney - 95 63 45
Smooth m u s c l e
( o e s o p h a g u s ) - - - 42
S k e l e t a l  mu sc le
( t i b i a l i s  a n t . ) - - 21 12
( s o l e u s ) - - - 19
C a r d i a c  muse - 74 47 19
Sk i  n - 62 65 -
( D e l i  v e r y  21 -22 da ys )
From G o l d s p i n k  e t a l ,  ( s ee r e f s 5 1 / a , b; 53;  54;  76 and 55
s u m m ary )
L e g e n d :  To show t h e  d i f f e r e n c e s  i n  p r o t e i n  s y n t h e s i s  r a t e
b e t w e e n  f e t a l  t i s s u e s ;  a l l  d e c r e a s e  d u r i n g  g e s t a t i o n  and  i n t o  
e a r l y  l i f e .
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TABLE I I
P r o t e i n  s y n t h e s i s  i n  a d e v e l o p i n g  r a t  t i s s u e s  
% C o n t r i b u t i o n  t o  who l e  body  p r o t e i n  l a i d  down
Ti  ss ue Pet us
20 days g e s t n
Young 
21 days о
B r a i n 5 . 5 2 . 7
L i v e r 1 2 .6 6 . 5
I n t e s t i  nes
( s m a l l  and l a r g e ) 3 . 5 1 0 . В
Lung 4 . 0 1 .2
К i dney 0 . 9 1 .9
S k e l e t a l  musc l e
( a l l ) 16 . 0 53 . 0
C a r d i  ac musc l e 0 . 9 0 . 9
Sk i  n 25 . 0 -
From G o l d s p i n k  e t  a l . ( see r e f . 55 )
L e g e n d :  To show t h e  d i f f e r e n c e s  i n  c o n t r i b u t i o n  o f  v a r i o u s  
t i s s u e s  t o  w h o l e  b ody  f e t a l  p r o t e i n  s y n t h e s i s  near  t e r m  and i n  
t h e  young r a t .  The p a r t  p l a y e d  by t h e  l i v e r  has h a l v e d ,  and 
t h a t  o f  t h e  i n t e s t i n e s  and s k e l e t a l  mu s c l e  t r e b l e d  by t h r e e  
weeks  p o s t n a t a l  a g e .
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t o  w ho l e  body p r o t e i n  s y n t h e t i c  a c t i v i t y  i n  t h i s  l a r g e  and more 
ma t u r e  f e t u s  a w a i t  s t u d y .
The r e a s o n  f o r  t h e  r a p i d  p r o t e i n  t u r n o v e r  r a t e  d u r i n g  
d e v e l o p m e n t  m i g h t  be c l e a r ,  n a m e l y ,  t o  accommodat e t h e  d y n a mi c  
s i t u a t i o n  o f  g r o w t h  and r e a r r a n g e m e n t  o f  t i s s u e s  w h i c h  o c c u r s :  
a r a p i d  s y n t h e s i s  r a t e  and i t s  d e c r e a s e  w i t h  age has a l s o  been 
d e m o n s t r a t e d  ' i n  v i t r o ' ,  i n  b r a i n  homogena t es  f r om y oung  r a t s  
/ 1 0 0 / .  S c h o e n h e i me r ’ s c o n c e p t  o f  t h e  d y n a mi c  s t a t e  o f  t h e  body 
p r o t e i n  may be e x h i b i t e d  t o  i t s  f u l l  e x t e n t  i n  t h e  f e t u s  and
n e w b o r n ,  a t  a t i m e  when t h e  e n d o c r i n e  o r g a n s  a r e  r e l a t i v e l y
i mma t u r e  and t h e  g e n e t i c a l l y  d e t e r m i n e d  r e g u l a t i o n  o f  
b i o c h e m i c a l  p r o c e s s e s  n o t  y e t  f u l l y  e x p r e s s e d .  The u n d e r l y i n g
b i o c h e m i c a l  mechan i sms  and t h e  i n f l u e n c e  o f  t h e  e n v i r o n m e n t  on
t h e  c h a n g i n g  p a t t e r n  o f  gene e x p r e s s i o n  a r e  b e i n g  a c t i v e l y  
e x p l o r e d ,  p a r t i c u l a r l y  i n  t h e  n e o n a t a l  p e r i o d  / 4 9 / .
Human s t u d i e s
The a v a i l a b i l i t y  o f  15N l a b e l l e d  a m i n o - a c i d s  has  e n a b l e d  a 
m o d i f i c a t i o n  o f  t h e  s t e a d y  s t a t e  met hod  t o  be used  i n  t h e  
newbor n  i n f a n t :  Young e t  a l .  / 1 4 4 /  f i r s t  showed i n  1975 t h a t  
t h e  p r e m a t u r e  i n f a n t  had a h i g h  p r o t e i n  s y n t h e s i s  r a t e ,  
e q u i v a l e n t  t o  18 g / K g / d a y ,  w h i c h  g r a d u a l l y  d e c r e a s e d  d u r i n g  t h e  
f i r s t  y ea r  o f  l i f e  t o  7 g / K g / d a y ;  s u b s e q u e n t l y ,  t h e  me t h o d  was 
used t o  show t h e  i n f l u e n c e  o f  e n e r g y  and p r o t e i n  i n t a k e  i n  
p r e m a t u r e  and s m a l l  f o r  g e s t a t i o n a l  age i n f a n t s  / 1 0 7 / .  R e n n i e ’ S 
g r o u p  have v e r y  r e c e n t l y  used t h e  me t hod  i n  t h e  p r e g n a n t  woman 
a t  d e l i v e r y  and f o u n d  t h a t  p l a t e a u  e n r i c h m e n t  o f  t h e  a m i n o -  
a c i d s  used o c c u r r e d  h a l f  an h o u r  a f t e r  t h e  b e g i n n i n g  o f  t h e  
i n f u s i o n  and c o u l d  be m a i n t a i n e d  / 2 2 / .  T h e i r  v a l u e s  f o r  
t u r n o v e r  r a t e  f o r  t h e  t e r m  human f e t u s  c o r r e s p o n d e d  t o  a b o u t  
15 g/Kg/day and t h e  c a l c u l a t e d  f e t a l  w e i g h t  g a i n  was i n  a c c o r d  
w i t h  a v e r a g e  f e t a l  g r o w t h  r a t e s .  Th e r e  i s  a g r e e me n t  b e t ween  
t h e s e  v a l u e s  and t h o s e  f o u n d  f o r  t h e  p r e t e r m  i n f a n t  u s i n g  15N
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/ 1 0 7 /  or  u s i n g  13C l e u c i n e  / 3 0 / ;  t h e s e  v a l u e s  a r e  a l s o  
c o m p a r a b l e  t o  w h o l e  b ody  p r o t e i n  s y n t h e s i s  i n  t h e  f e t a l  sheep  
l a t e  i n  g e s t a t i o n  / 8 8 / .  When R e n n i e ’ s g r o u p  used p h e n y l a l a n i n e  
f o r  t h e i r  m e a s u r e m e n t s ,  t h e y  f o u n d  t h a t  t h e  e n r i c h m e n t  o f  
t y r o s i n e  was a l w a y s  g r e a t e r  i n  t h e  f e t a l  t h a n  i n  t h e  m a t e r n a l  
p l a s m a ,  s u g g e s t i n g  a f a s t e r  s y n t h e s i s  r a t e  o f  t h i s  a m i n o - a c i d  
b y  f e t a l  t i s s u e s .
M y o m e t r i  urn
The human my o m e t r i u m i n c r e a s e s  i n  w e i g h t  f r o m a b o u t  150 g t o  
one  Kg,  f r om 10 weeks  t o  t e r m ;  d u r i n g  t h i s  p e r i o d ,  t h e  p r o t e i n  
c o n t e n t  i n c r e a s e s  f r o m  25 t o  170 g ,  a b o u t  one t h i r d  o f  t h a t  
l a i d  down i n  t h e  f e t u s .  The ma j o r  s t i m u l u s  f o r  t h i s  a c c r e t i o n  
o f  p r o t e i n  a p p e a r s  t o  be s t r e t c h  o f  t h e  myome t r i um r a t h e r  t h a n  
t h e  i n f l u e n c e  o f  t h e  i n c r e a s e d  c i r c u l a t i n g  o e s t r o g e n  and 
p r o g e s t e r o n e .  C o m p a r i n g  t h e  e v e n t s  i n  t h e  g r a v i d  ho r n  o f  a r a t  
w i t h  t h o s e  i n  t h e  n o n p r e g n a n t  h o r n ,  i t  has  been d e m o n s t r a t e d  
t h a t  p r o t e i n  s y n t h e s i s  and a c c r e t i o n  i n c r e a s e  i n  t h e  f o r m e r ,  
w h i l s t  b o t h  s y n t h e s i s  and d e g r a d a t i o n  r a t e s  f a l l  i n  t h e  
n o n p r e g n a n t  h o r n ,  r e s u l t i n g  i n  no w e i g h t  g a i n  / 5 2 / .  M e c h a n i c a l  
s t r e t c h  a l o n e ,  has be e n  shown b o t h  ' i n  v i v o '  and ' i n  v i t r o ' ,  t o  
i n c r e a s e  t h e  p r o t e i n  c o n t e n t  o f  m y o m e t r i u m by i n c r e a s i n g  
s y n t h e s i s  r a t e  / 3 5 / .
I I .  HANDLING OF AMINO-ACIDS BY THE TROPHGBLAST AND FETUS
M a t e r n a l  and f e t a l  i n t e r n a l  m i l i e u  and t r a n s p o r t
The human m a t e r n a l  p l a s ma  f r e e  a m i n o - a c i d  l e v e l s  f a l l  v e r y  
e a r l y  i n  p r e g n a n c y ,  as p a r t  o f  t h e  r e s e t t i n g  o f  he r  i n t e r n a l
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m i l i e u  by t h e  c h a n g e s  i n  hormone p r o d u c t i o n  / s e e  1 3 8 a ,  с /  and 
l i t t l e  change  has  been r e p o r t e d  t h e r e a f t e r  d u r i n g  g e s t a t i o n ,  
even i n  t h e  t h i r d  t r i m e s t e r  when f e t a l  demand i s  a t  i t s  
h e i g h t .  T h i s  e x t e r n a l  e n v i r o n m e n t  o f  t h e  f e t u s ,  t h e r e f o r e ,  
r e m a i n s  r e l a t i v e l y  c o n s t a n t  t h r o u g h o u t  g e s t a t i o n  and n e t  
t r a n s f e r  w i l l  depend  m a i n l y  upon d e l i v e r y  by t h e  m a t e r n a l  
p l a c e n t a l  b l o o d  f l o w ,  t h e  f e t a l  b l o o d  f l o w ,  p l a c e n t a l  
m e t a b o l i s m  and t h e  s m a l l  p o s t p r a n d i a l  r i s e s  i n  p l asma  n u t r i e n t  
l e v e l s ,  b e s i d e s  t h e  t r a n s p o r t  me c h a n i s ms .  M a t e r n a l  p l asma 
a m i n a c i d  p a t t e r n s  a r e  d i f f e r e n t  amongst  t h e  s p e c i e s ,  
r e f l e c t i n g  d i f f e r e n c e s  i n  m e t a b o l i s m  and i n  d i e t  and,  
i n t e r e s t i n g l y ,  t h e  a l a n i n e  r i s e  i n  m a t e r n a l  r a b b i t  a r t e r i a l  
b l o o d  i s  a c c e n t u a t e d  d u r i n g  p o s t m a t u r i t y  / 7 7 / .  The r e l a t i v e  
p r o p o r t i o n s  o f  n i t r o g e n  f r o m endogenous  m a t e r n a l  p r o t e i n  
t u r n o v e r ,  and e x o g e n e o u s  s o u r c e s  i n  t h e  m a t e r n a l  p l a s m a ,  w h i c h  
a r e  t r a n s f e r r e d  t o  t h e  f e t u s  i s  d i s c u s s e d  on page 4.
The f e t a l  i n t e r n a l  m i l i e u  i s  q u i t e  d i f f e r e n t  f r o m  t h a t  o f  
t h e  m o t h e r :  t h e  h i g h  l e v e l s  o f  f r e e  a m i n o - a c i d  i n  t h e  f e t a l  
f l u i d s  a r e  an e x p r e s s i o n  o f  t h e  f a s t  p r o t e i n t u r n o v e r  r a t e s  i n  
t h e i r  t i s s u e s  and t h e  h i g h  F :M p l asma r a t i o s  a r e  v e r y  f a m i l i a r .  
O b s e r v a t i o n s  i n  t h e  r a t  / 3 4 /  have shown t h a t  t h e  h i g h  f e t a l  
l e v e l s  can be m a i n t a i n e d  even when t h e  m a t e r n a l  p l a s m a  f r e e  
a m i n o - a c i d  n i t r o g e n  i s  r e d u c e d  by a h a l f ;  t h i s  c h a n g e  was 
i n d u c e d  by a c o n t i n u o u s  i n f u s i o n  o f  g l u c a g o n  f r om 14 t o  20 days  
g e s t a t i o n  and t h e  f e t a l  w e i g h t  was m a i n t a i n e d ,  p r o v i d e d  t h e  
m a t e r n a l  c a l o r i c  i n t a k e  was s u s t a i n e d  so t h a t  she  g a i n e d  
w e i g h t .  These o b s e r v a t i o n s  i n d i c a t e  a b a r r i e r  r o l e  f o r  t h e  
f e t a l  s i d e  o f  t h e  t r o p h o b l a s t  membrane w h i c h  s u s t a i n s  t h e  h i g h  
a m i n o - a c i d  c o n c e n t r a t i o n s  b r o u g h t  a b o u t  by f e t a l  m e t a b o l i s m ,  
e n s u r i n g  t h e  r e t e n t i o n  o f  e s s e n t i a l  n u t r i e n t s  c a p t u r e d  by t h e  
f e t a l  t i s s u e s .  N e v e r t h e l e s s ,  o b s e r v a t i o n s  i n  t h e  human s u b j e c t  
and i n  c h r o n i c  f e t a l  sheep p r e p a r a t i o n s  / s e e  1 3 8 c /  show t h a t  
t h e r e  i s  n o r m a l l y  a d i r e c t  r e l a t i o n s h i p  be t ween  t h e  m a t e r n a l  
and f e t a l  c o n c e n t r a t i o n s  o f  many a m i n o - a c i d s ;  f u r t h e r ,  i t  has 
been shown i n  t h e  r h e s u s  monkey t h a t  h i g h  s t e a d y  s t a t e  
c o n c e n t r a t i o n s  o f  a l l  a m i n o - a c i d s  a r e  t r a n s m i t t e d  t o  t h e  f e t a l
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p l a s m a  s u g g e s t i n g  t h a t  t h e r e  i s  s i m p l e  g r a d i e n t - d e p e n d e n t  
d i f f u s i o n  a c r o s s  t h e  wh o l e  p l a c e n t a l  membrane as w e l l  as t h e  
a c t i v e  p r o c e s s e s  a t  t h e  m a t e r n a l  s u r f a c e  e n a b l i n g  t r a n s f e r  i n t o  
t h e  t r o p h o b l a s t  a g a i n s t  a l l  t he  a m i n o - a c i d  g r a d i e n t s .
U p t ak e  o f  a m i n o - a c i d s  by t he  m a t e r n a l  s i d e  o f  t h e  p l a c e n t a  
t a k e s  p l a c e  a g a i n s t  t h e  h i gh  f r e e  a m i n o - a c i d  c o n c e n t r a t i o n s  
f o r m i n g  t he  i n t e r n a l  m i l i e u  o f  t h e  t r o p h o b l a s t :  t h e s e  
c o n c e n t r a t i o n s  a r e  h i g h e r  t han  t h o s e  o f  t h e  f e t a l  p l a s m a ;  
l i t t l e  i s  known o f  t h e  i n d i v i d u a l  p o o l s  o f  t h i s  i n t r a - c e l l u l a r  
e n v i r o n m e n t  or  how m a t e r n a l  a m i n o - a c i d s  mi x  w i t h  them d u r i n g  
t r a n s f e r .  The a c t i v e  u p t a k e  has been v e r y  t h o r o u g h l y  s t u d i e d  i n  
t h e  v e s i c l e s  w h i c h  may be f or med f r om t h e  i s o l a t e d  m a t e r n a l  and 
f e t a l  s u r f a c e s  o f  t h e  human p l a c e n t a  / 1 0 ,  6 3 /  and t r a n s f e r ,  
u s i n g  t h e  ' i n  s i t u '  p e r f u s e d  g u i n e a  p i g  p r e p a r a t i o n  and t h e  
d u a l l y  p e r f u s e d  human p l a c e n t a l  c o t y l e d o n  / 2 9 ,  1 3 9 / .  The 
d i v i s i o n s  and p r o p e r t i e s  o f  t he  t r a n s p o r t  g r o u p s  ar e  s i m i l a r  t o  
t h o s e  f ound  f o r  u p t a k e  i n t o  o t h e r  t i s s u e s .  I n  t h e  p r e g n a n t  ewe,  
r a i s e d  m a t e r n a l  p l a s m a  l e v e l s  o f  t h e  b r a n c h e d  c h a i n ,  e s s e n t i a l ,  
a m i n o - a c i d s  a r e  r e f l e c t e d  w i t h i n  m i n u t e s  i n  t h e  f e t a l  p l a s m a ,  
a f t e r  be i n g  h e l d  f o r  a s h o r t  t i me  i n  t h e  t r o p h o b l a s t  / 8 3 ,  8 4 / ;  
t h e  b a s i c  a m i n o - a c i d s  a r e  t r a n s f e r r e d  more s l o w l y  and t h e  
s t r a i g h t  c h a i n ,  n o n - e s s e n t i a l  a m i n o - a c i d s  a ppea r  v e r y  s l o w l y  i n  
t h e  f e t a l  p l a s ma .  The more r a p i d  t r a n s f e r  o f  t h e  e s s e n t i a l ,  
b r a n c h e d  c h a i n  a m i n o - a c i d s ,  i s  o f  p a r t i c u l a r  i n t e r e s t  f o r  
i n f u s i o n  o f  a r t i f i c i a l  m i x t u r e s  o f  a m i n o - a c i d s  has  been 
c o n s i d e r e d  f o r  t h e  t r e a t m e n t  o f  t h e  IUGR human i n f a n t  ' i n  
u t e r o  1 / s e e  5 9 / .
T r o p h o b l a s t  m e t a b o l i s m  and t r a n s f e r
The h i g h  l e v e l  o f  f r e e  a m i n o - a c i d s  i n  t h e  t r o p h o b l a s t  i s  
c h a r a c t e r i s t i c  o f  a t i s s u e  w i t h  a h i g h  p r o t e i n  t u r n o v e r  r a t e  
w h i c h  has a l r e a d y  been  d e s c r i b e d .  T h e i r  p r o p o r t i o n s  a r e  n o t ,  
h o w e v e r ,  t he  same as  t h o s e  i n  mi x ed  p r o t e i n :  t h e  p a t t e r n  i s  
c h a r a c t e r i z e d  by r e l a t i v e l y  l owe r  p r o p o r t i o n s  o f  t h e  e s s e n t i a l
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a m i n o - a c i d s  b u t  much h i g h e r  c o n c e n t r a t i o n s  o f  t h e  n o n - e s s e n t i a l  
s p e c i e s ,  t h e  s t r a i g h t  c h a i n  n e u t r a l  and t h e  a c i d i c  a m i n o - a c i d s .  
T h e r e f o r e ,  o t h e r  m e t a b o l i c  p r o c e s s e s ,  b e s i d e s  p r o t e i n  t u r n o v e r ,  
a r e  c o n t r i b u t o r y  t o  t h e i r  p a t t e r n  and i t  i s  t h e s e  pa t h wa y s  t h a t  
a r e  c u r r e n t l v  o f  g r e a t  i n t e r e s t  t o  i n v e s t i g a t o r s ,  f o r  t h e y  
d e t e r m i n e  t h e  p r o p o r t i o n s  o f  t h e  a m i n o - a c i d s  t r a n s f e r r e d  i n t o  
t h e  u m b i l i c a l  c i r c u l a t i o n  and may p r e s e r v e  c a r b o n  and n i t r o g e n  
f o r  t h e  f e t u s .  The p l a c e n t a  has a r i c h  s u p p l y  o f  t r a n s a m i n a s e s  
/ 8 2 /  b u t  no s t u d i e s  have y e t  been o f  t h e i r  c o n c e n t r a t i o n s  
d u r i n g  d e v e l o p m e n t ,  w i t h  t h e  e x c e p t i o n  o f  t h o s e  enzymes 
c o n c e r n e d  w i t h  g l u t a m i n e  and g l u t a m a t e  s y n t h e s i s  i n  t h e  sheep  
/ s e e  1 3 8 c / .
A c o m p a r i s o n  o f  t h e  u t e r i n e  A-V d i f f e r e n c e s  a c r o s s  t h e  
p l a c e n t a  w i t h  t h o s e  o f  t h e  u m b i l i c a l  V-A d i f f e r e n c e s  f o r  a m i n o -  
a c i d s  have shown t h a t  u p t a k e  a t  t h e  m a t e r n a l  s i d e  o f  t h e  
p l a c e n t a  i s  n o t  t h e  same as r e l e a s e  f r o m  t h e  f e t a l  s i d e .  I n  t h e  
human,  a t  Cesa r ean  s e c t i o n ,  t h e  A-V d i f f e r e n c e s  a r e  s m a l l ,  
a b o u t  10 yuM on t h e  m a t e r n a l  s i d e  and 1 0 - 30  yuM on t h e  f e t a l  
s i d e  / s e e  1 4 1 / :  t h e  l a r g e  p l a c e n t a l  t o  f e t a l  f l u x e s  o f  a l a n i n e  
and g l y c i n e ,  i n  c o m p a r i s o n  w i t h  u p t a k e  a t  t h e  m a t e r n a l  s u r f a c e ,  
a r e  c h a r a c t e r i s t i c  and t h e  h i g h  l e v e l s  o f  t h e s e  a m i n o - a c i d s  i n  
t h e  t r o p h o b l a s t  p r o v i d e  a d o w n h i l l  g r a d i ' e n t  f o r  t r a n s f e r  i n t o  
t h e  f e t a l  c i r c u l a t i o n .  I n  c h r o n i c  p r e p a r a t i o n s ,  w i t h  i n d w e l l i n g  
c a t h e t e r s  i n  t h e  p r e g n a n t  ewe a t  t h e  end o f  g e s t a t i o n ,  t h e  
m a j o r  m a t e r n a l  t o  f e t a l  f l u x e s  a r e  g l u t a m i n e  and g l y c i n e ,  
s h o w i n g  t h e  s p e c i e s  d i f f e r e n c e  i n  m e t a b o l i s m ,  w h i c h  i s  
d i f f e r e n t  a g a i n ,  i n  t h e  g u i n e a  p i g ,  t h e  r a b b i t  and h o r s e  / 4 8 ,  
77 ,  1 4 6 / .  A s m a l l  g l u t a m a t e  u p t a k e  on t h e  m a t e r n a l  s i d e  o f  t h e  
p l a c e n t a  and i t s  s m a l l  f e t a l  t o  p l a c e n t a l  f l u x  i s  
c h a r a c t e r i s t i c  o f  b o t h  human and sh e e p .
P r e l i m i n a r y  c l i n i c a l  i n v e s t i g a t i o n  has shown t h a t  t h e  
u m b i l i c a l  V-A d i f f e r e n c e s  change d u r i n g  t h e  l a s t  t r i m e s t e r  
/ 6 0 / :  t h e  a l a n i n e  and e s s e n t i a l  a m i n o - a c i d  V-A d i f f e r e n c e s  
become s m a l l e r  i n  t h e  more ma t u r e  i n f a n t ,  whi l e  s e r i n e ,  g l y c i n e  
and g l u t a m i n e  now j o i n  g l u t a m a t e  i n  b e i n g  t a k e n  up f r o m  t h e  
f e t a l  c i r c u l a t i o n  ( F i g .  2 ) ;  ho we v e r ,  l i t t l e  g e s t a t i o n a l  ch a n g e
Figure 2 Umbi l i ca l  V-A d i f f e r ences  i n  the human subj ect  at  vagi nal  de l i ve r y .  Most o f  the amino-acids are 
taken up by the premature i n f an t  C O ] : a t  term [ • ! ,  the V-A d i f f e r ences  are smal ler  f o r  the 
essent i a l  amino-acids and those f o r  some of  the nonessent i a l  are negat i ve,  i n d i c a t i n g  uptake from 
the f e t us  by the pl acenta.  CCSO essent i a l  amino-acids ( f rom r e f .  138c )
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was o b s e r v e d  i n  t h e  f e t a l  l amb / 6 / .  Mor e o f  such i n f o r m a t i o n  
needs  t o  be added t o  t h a t  o f  t h e  known d i s t u r b a n c e s  i n  t h e  
p l asma ami nog r ams  o f  t h e  IUGR f e t u s ,  d i s c u s s e d  on page 3 2 ,  t o  
f u r t h e r  o u r  u n d e r s t a n d i n g  o f  t h e  i n f l u e n c e  o f  t he  m e t a b o l i c  
a c t i v i t y  o f  t h e  t r o p h o b l a s t  on t h e  r e l a t i v e  p r o p o r t i o n s  and 
q u a n t i t y  o f  a m i n o - a c i d s  d e l i v e r e d  t o  t h e  f e t u s .
a ) I n  t e r - c o n v e r  s i o n s  o f  a m i n o - a c i d s  w i t h i n  t h e  t r o p h o b l a s t
D i r e c t  e x p e r i m e n t a l  e v i d e n c e  f o r  c o n v e r s i o n  o f  e s s e n t i a l  t o  
n o e s s e n t i a l  a m i n o - a c i d s  by t h e  t r o p h o b l a s t ,  w h i c h  t h e  
d i f f e r e n c e s  b e t w e e n  t h e  u t e r i n e  and u m b i l i c a l  d i f f e r e n c e s  show,  
i s  s t i l l  l a c k i n g  b u t  o b s e r v a t i o n s  on t h e  mammary g l a n d ,  i n  
w h i c h  i t  i s  e a s i e r  t o  measur e t h e  o u t p u t  o f  m i l k  p r o t e i n  o v e r  
s h o r t  p e r i o d s  and t o  c o r r e l a t e  t h e  a m i n o - a c i d  c o n t e n t  w i t h  
t h a t  o f  t h e  g l a n d ’ s u p t a k e ,  p r o v i d e s  an i n t e r e s t i n g  t i s s u e  
c o m p a r i s o n  / В 9 / .  U p t a k e  by t h e  r u m i n a n t  mammary g l a n d  shows 
t h a t  some e s s e n t i a l  a m i n o - a c i d s  a r e  t a k e n  up i n  t h e  c o r r e c t  
p r o p o r t i o n  f o r  m i l k  p r o t e i n  p r o d u c t i o n ,  w h i l e  o t h e r  e s s e n t i a l  
a m i n o - a c i d s  such  as t h e  b r a n c h e d  c h a i n ,  a r e  t aken  up i n  e x c e s s  
o f  r e q u i r e m e n t  and t h e  n o e s s e n t i a l ,  b o t h  s t r a i g h t  c h a i n  
n e u t r a l  and a c i d i c ,  f a l l  w e l l  s h o r t  o f  t h e i r  p r o p o r t i o n s  i n  t h e  
m i l k  s e c r e t e d ;  m o r e o v e r ,  t h e i r  p l a s ma  A-V d i f f e r e n c e s  a r e  
s o me t i me s  n e g a t i v e  as o b s e r v e d  f o r  t he  u m b i l i c a l  V-A 
d i f f e r e n c e s .  Howev e r ,  t h e r e  i s  i n d i r e c t  e v i d e n c e  f o r  a l a n i n e  
p r o d u c t i o n  by t h e  human p l a c e n t a  i n  s t u d i e s  o f  t h e  ' a l a n i n e -  
l a c t a t e  c y c l e '  / 1 1 В/  : q u a n t i t a t i v e  measur ement s  o f  l a c t a t e ,
g l u c o s e ,  a l a n i n e  and a c i d i c  a m i n o - a c i d  t r a n s f e r  were made f r o m  
u t e r i n e  and u m b i l i c a l  A-V d i f f e r e n c e s  a t  Cesarean s e c t i o n ,  
t o g e t h e r  w i t h  t h e  a c t i v i t i e s  o f  t h e  a p p r o p r i a t e  enzyme 
a c t i v i t i e s  w h i c h  a r e  i n v o l v e d  i n  t h e i r  i n t e r c o n v e r s i o n s  ; 
n u t r i e n t  s u b s t r a t e  movement  showed t h a t  w h i l e  a l a n i n e  was 
p r o d u c e d  by t h e  p l a c e n t a ,  l a c t a t e  and t h e  a c i d i c  a m i n o - a c i d s  
were  u t i l i z e d  by t h e  t i s s u e  and t h a t  t h e r e  was a s i g n i f i c a n t  
c o r r e l a t i o n  be t ween  u m b i l i c a l  v e n o u s  a l a n i n e  and u m b i l i c a l
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a r t e r i a l  l a c t a t e  c o n c e n t r a t i o n s .  The i n v e s t i g a t i o n  o f  such  
b i o c h e m i c a l  t r a n s f o r m a t i o n s  i n  i s o l a t e d  p e r f u s e d  p l a c e n t a s  
u s i n g  l a b e l l e d  s u b s t r a t e  wou l d  be mo s t  v a l u a b l e ,  e s p e c i a l l y  as 
t h e r e  i s  g r o w i n g  c o n f i r m a t i o n  o f  t h e  c o n c e p t  o f  g l y c i n e  as a 
c o n d i t i o n a l l y  e s s e n t i a l  a m i n o - a c i d  d u r i n g  g r o w t h  / 6 6 ,  6 7 / :  t h i s  
a m i n o - a c i d  i s  r e q u i r e d  n o t  o n l y  f o r  p r o t e i n  s y n t h e s i s  
g e n e r a l l y ,  w h i c h  i s  t u r n e d  over  and t h e  a m i n o - a c i d s  r e t u r n e d  t o  
t h e  n i t r o g e n  p o o l ,  b u t  f o r  heam and c r e a t i n e  wh i ch  a r e  e x c r e t e d  
i n  t h e  u r i n e  and s t o o l s  w i t h  no r e t u r n  o f  n i t r o g e n  t o  t h e  p o o l .  
I t  has been shown t h a t  t h e  e n dogenous  p r o d u c t i o n  o f  g l y c i n e  i n  
n o r m a l  human p r e g n a n c y  may be i n s u f f i c i e n t  t o  s a t i s f y  
i n c r e a s i n g  demands :  5 - o x o p r o l i n e  e x c r e t i o n  i s  i n c r e a s e d  d u r i n g  
g e s t a t i o n  i n d i c a t i n g  a r educed  f o r m a t i o n  o f  g l u t a t h i o n e  w h i c h  
r e l e a s e s  t he  i n h i b i t i o n  o f  g l u t a m y l c y s t e i ne p r o d u c t i o n  f r o m  
g l u t a m i n e  and c y s t e i n e ,  t h e  a l t e r n a t i v e  pa t hway f o r m i n g  5 -  
o x o p r o l i n e  f r om t h e  g l u t a m y l  r e s i d u e  / 1 0 9 / .
The sheep p l a c e n t a  has been shown t o  p r o d u c e  b r a n c h e d  c h a i n  
k e t o - a m i n o - a c i d s , 2 - k e t o  i s o v a l e r a t e ,  i s o c a p r o a t e  and 
m e t h y l v a l e r a t e ,  w h i c h  a r e  r e l e a s e d  i n t o  t h e  f e t a l  c i r c u l a t i o n  
and  a r e  c o n s i d e r e d  t o  c o n s e r v e  t h e  b r a n c h e d  c h a i n  s k e l e t o n  f o r  
f e t a l  m e t a b o l i s m  and g r o w t h  / 1 2 2 / .  A more d e t a i l e d  s t u d y  by 
B a t t a g l i a  and M e s c h i a > s  g r o u p  has  p r o v i d e d  q u a n t i t a t i v e  
e v i d e n c e  f o r  d e a m i n a t i o n  and d e c a r b o x y l a t i o n  o f  l e u c i n e  by t h e  
s h e e p  p l a c e n t a  / 1 5 ,  82 ,  1 3 2 / .  They f o u n d  r a p i d  d e a m i n a t i o n  o f  
l e u c i n e  i n  b o t h  t h e  p l a c e n t a  and f e t u s  and t r a n s f e r  o f  
k e t o j s o c a p r o i c  a c i d  ( K I C )  f r om t h e  p l a c e n t a  i n t o  t h e  f e t a l  and 
u t e r i n e  c i r c u l a t i o n s ;  l a b e l l e d  l e u c i n e  i n j e c t e d  i n t o  t h e  f e t a l  
c i r c u l a t i o n  e n t e r e d  t h e  p l a c e n t a  q u i c k l y  b u t  was n o t  
t r a n s f e r r e d  t o  t h e  m o t h e r .  F u r t h e r  a n a l y s i s  showed t h a t  t h e  
f e t u s  was t h e  ma i n  s i t e  o f  KIC d e c a r b o x y l a t i o n ,  as a n t i c i p a t e d  
f r o m  t h e  r e l a t i v e l y  l o w  c o n c e n t r a t i o n  o f  l e u c i n e  d e c a r b o x y l a s e  
a c t i v i t y  i n  t h e  p l a c e n t a  i n  c o m p a r i s o n  w i t h  f e t a l  t i s s u e  / 5 6 / ;  
t h e  b r an c h e d  c h a i n  a m i n o - a c i d s  a r e  m e t a b o l i s e d  t o  a g r e a t e r  
e x t e n t  by t h e  p l a c e n t a  i n  f a s t i n g  ewes / 7 9 / .  U t e r i n e  A -  V 
d i f f e r e n c e s  f o r  many o f  t h e  a m i n o - a c i d s  ar e  r e d u c e d  i n  t h e
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p r e g n a n t  r a b b i t  d u r i n g  p o s t m a t u r i t y ,  a f i n d i n g  wh i c h  c a n n o t  be 
a c c o u n t e d  f o r  by an i n c r e a s e  i n  b l o o d  f l o w  / 7 7 / .
b ) I n t e r r e l a t i o n  o f  p l a c e n t a l  and f e t a l  a m i n o - a c i d  m e t a b o l i s m
The a p p a r e n t  u p t a k e  o f  g l u t a m a t e ,  and some o f  t h e  n o n -  
e s s e n t i a l  a m i n o - a c i d s ,  by t h e  p l a c e n t a  i n d i c a t e d  by t h e i r  
n e g a t i v e  u m b i l i c a l  U-A d i f f e r e n c e s ,  was a p u z z l e  i n  e a r l y  
s t u d i e s  when t h e  me t hods  o f  a n a l y s i s  were n o t  so good -  f o r  
a m i n o - a c i d  A-V d i f f e r e n c e s  a r e  s m a l l  and t h e  s t a n d a r d  
d e v i a t i o n s  r e l a t i v e l y  l a r g e ;  h o w e v e r ,  i t s  r e l a t i o n  t o  g l u t a m i n e  
m e t a b o l i s m  i n  t h e  p l a c e n t a  has s u b s e q u e n t l y  r e c e i v e d  a l o t  o f  
a t t e n t i o n .  G l u t a m a t e  i s  n o t  o n l y  a c o n s t i t u e n t  o f  p r o t e i n  b u t  a 
p r e c u r s o r  o f  g l u t a m i n e ,  needed by g r o w i n g  t i s s u e  f o r  t h e  
s y n t h e s i s  o f  p u r i n e s :  i t  i s  n o t  t a k e n  up on t h e  m a t e r n a l  s i d e  
o f  t h e  p l a c e n t a ,  i n  e i t h e r  t he  human s u b j e c t  or  t h e  s h e e p ,  no r  
can t h i s  be d e m o n s t r a t e d  when t h e  m a t e r n a l  l e v e l s  a r e  r a i s e d  
/ s e e  138a  / .  Bu t  g l u t a m i n e  i s  t a k e n  up a t  t h e  m a t e r n a l  s i d e  o f  
t h e s e  p l a c e n t a s  and r e l e a s e d  i n  l a r g e  q u a n t i t i e s  i n t o  t h e  f e t a l  
c i r c u l a t i o n s ,  e s p e c i a l l y  i n  t h e  s h e e p ;  t h e r e f o r e ,  i t  was 
p o s s i b l e  t h a t  f e t a l  g l u t a m a t e  was c o n v e r t e d  t o  g l u t a m i n e  i n  t h e  
p l a c e n t a  and f e t a l  n i t r o g e n  and c a r b o n  p r e s e r v e d .  R e s u l t s  f r o m 
p e r f u s i o n  o f  t h e  i s o l a t e d  human p l a c e n t a l  c o t y l e d o n  showed t h a t  
t h i s  m i g h t  be s o ,  b u t  no c o n f i r m a t i o n  was o b t a i n e d  u s i n g  
i s o t o p e s  i n  t h e  p e r f u s e d  g u i n e a  p i g  p l a c e n t a  ' i n  s i t u '  / 9 / .  
R ec en t  r e s u l t s  f r o m  t h e  human p l a c e n t a l  c o t y l e d o n ,  d u a l l y  
p e r f u s e d  c l o s e d  c i r c u i t  on b o t h  s i d e s  w i t h  b o t h  l a b e l l e d  and 
u n l a b e l l e d  g l u t a m a t e  and a l a n i n e ,  g i v e  e v i d e n c e  f o r  g l u t a m a t e  
u p t a k e  on t h e  m a t e r n a l  s i d e  as w e l l  as f u r t h e r  c o n f i r m a t i o n  f o r  
u p t a k e  on t h e  f e t a l  s i d e :  g l u t a m i n e  a p p e a r e d  i n  b o t h  c i r c u i t s ,  
b u t  i n  g r e a t e r  amount s  i n  t h e  f e t a l ;  e x c e s s  a l a n i n e  a p p e a r e d  i n  
b o t h  c i r c u i t s  i n d i c a t i n g  r e l e a s e  f r o m  and p o s s i b l e  p r o d u c t i o n  
by t h e  t r o p h o b l a s t  / 8 5 / .
S t u d i e s  f r o m  B a t t a g l i a  and M e s c h i a ' s  g r oup  have e x t e n d e d
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t h e  i n v e s t i g a t i o n  o f  t h i s  m e t a b o l i c  p r o b l e m  by c a t h e t e r i s i n g  
t h e  f e t a l  h e p a t i c  v e s s e l s ,  as w e l l  as t h e  u m b i l i c a l ,  i n  c h r o n i c  
p r e p a r a t i o n  i n  t h e  i n t a c t  sheep and c o m p a r i n g  t h e i r  a m i n o - a c i d  
A - V  d i f f e r e n c e s .  M a r c o n i  e t  a l .  / 8 6 /  f o u n d  u p t a k e  o f  t h e  
e s s e n t i a l  and most  o f  t h e  n o e s s e n t i a l  a m i n o - a c i d s  by t h e  f e t a l  
l i v e r ,  w i t h  s i m i l a r  u m b i l i c a l  v e i n - h e p a t i c  v e i n  d i f f e r e n c e s  f o r  
t h e  t wo  h e p a t i c  l o b e s .  G l u t a m i n e  and g l y c i n e ,  t o g e t h e r  w i t h  
s m a l l  amount s  o f  a s p a r a g i n e ,  wer e  t a k e n  up by t h e  f e t u s  f r o m  
t h e  p l a c e n t a ,  and by t h e  f e t a l  l i v e r  f r o m  t h e  u m b i l i c a l  v e i n ;  
t h e i r  m e t a b o l i c  p r o d u c t s ,  g l u t a m a t e ,  s e r i n e  and a s p a r t a t e  wer e  
r e l e a s e d  f r o m t h e  f e t a l  l i v e r  and t a k e n  up by t h e  p l a c e n t a  i n  
r e c i p r o c a l  amoun t s ,  s u g g e s t i n g  i n t e r  o r g a n  c y c l i n g  b e t w e e e n  t h e  
p l a c e n t a  and f e t a l  l i v e r  as shown i n  F i g .  3.  The n e g a t i v e  
u m b i l i c a l  V-A d i f f e r e n c e s  f o u n d  f o r  s e r i n e ,  t o g e t h e r  w i t h  t h e  
l a r g e  f e t a l  l i v e r  o u t p u t ,  a l s o  i n d i c a t e  t h e  f e t a l  o r i g i n  o f  
t h i s  a m i n o - a c i d ,  r a t h e r  t h a n  a m a t e r n a l ;  t h e  l a r g e  u p t a k e  o f  
g l u t a m i n e  f r om t h e  m o t h e r  s u g g e s t s  t h a t  i t  may be t h e  p r e c u r s o r  
o f  g l u t a m a t e .  C e t i n  e t  a l .  / 1 7 ,  1 8 / ,  u s i n g  a c o n t i n u o u s  f e t a l  
i n f u s i o n  o f  s e r i n e  l a b e l l e d  w i t h  t h e  s t a b l e  i s o t o p e ,  13C,  
p r o v i d e d  q u a n t i t a t i v e  d a t a  c o n f i r m i n g  t h e  c o n c e p t  o f  t h i s  
c y c l i n g  o f  a m i n o - a c i d s  be t ween  t h e  p l a c e n t a  and f e t a l  l i v e e r  
and  s k e l e t a l  t i s s u e s .  R e l e a s e  o f  s e r i n e  by t h e  f e t a l  l i v e r  
a p p e a r s  t o  be a u n i q u e  f e t a l  phenomenon f o r  i t  does  n o t  
c o r r e s p o n d  w i t h  a d u l t  m e t a b o l i c  f i n d i n g s .  The l a r g e  u p t a k e  o f  
a mmon i a  by t h e  f e t a l  l i v e r ,  i n  c o m p a r i s o n  w i t h  t h e  p l a c e n t a l  
o u t p u t  a l s o  f o u n d  i n  t h e s e  s t u d i e s ,  i n d i c a t e s  t h a t  i t  i s  
p x o d u c e d  i n  t h i s  o r g a n  as i n  o t h e r  f e t a l  t i s s u e s ,  c o n f i r m i n g  
e a r l i e r  o b s e r v a t i o n s  i n  t h e  f e t a l  h i n d  l i m b ;  i t  may be p a r t  o f  
I h e  s u b s t r a t e  f o r  t h e  g l u t a m a t e - g l u t a m i n e  c y c l e s  i n  b o t h  t h e  
p l a c e n t a  and l i v e r .
An i m p o r t a n t  a s p e c t  o f  a m i n o - a c i d  t r a n s f e r  f r om m o t h e r  t o  
f e t u s  mus t  r e l a t e  t o  t h e i r  i n t e r a c t i o n s  w i t h  t r o p h o b l a s t  
p r o t e i n s ,  as w e l l  as t h e i r  a s s o c i a t e d  f r e e  p o o l s .  T u r n o v e r  r a t e  
o f  t h i s  mi xed  p r o t e i n  i s  h i g h e r  t h a n  i n  any m a t e r n a l  o r g a n ,  b u t  
l o w e r  t h a n  t h a t  o f  t h e  w ho l e  f e t u s ,  a t  a l l  t i m e s  d u r i n g
Figure 3.  T0 show the uptake of  glutamate and ser i ne by the sheep pl acenta,  rel eased f rom the f e t a l  l i v e r ,  
near term;  umb i l i ca l  V-A d i f f e r ence  l e f t  hepat i c  V -  umb i l i ca l  V ( f rom r e f .  20)
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g e s t a t i o n  / 9 9 / .  An i n d i c a t i o n  o f  t h e  i n f l u e n c e  o f  p r o t e i n  
s y n t h e s i s  on t r a n s f e r  has been d e m o n s t r a t e d  i n  g u i n e a  p i g  
p e r f u s e d  p l a c e n t a l  p r e p a r a t i o n s :  t r o p h o b l a s t  p r o t e i n s  c a p t u r e d  
a b o u t  15% o f  l a b e l l e d  a m i n o - a c i d s  i n  t r a n s i t ;  i n h i b i t i o n  o f  
p r o t e i n  s y n t h e s i s  by  c y c l o h e x a m i d e  r e d u c e d  t h i s  u p t a k e  by 85% 
and t r a n s f e r  by 65% / 1 4 / .
A m i n o - a c i d s  as a f e t a l  f u e l  and f e t a l  n i t r o g e n  b a l a n c e
I t  i s  w e l l  known t h a t  u rea e x c r e t i o n  i n  g r o w i n g  a n i m a l s  i s  
l o w  w h i l e  t h e y  r e t a i n  n i t r o g e n  f o r  g r o w t h .  I t  was,  t h e r e f o r e ,  
i n t e r e s t i n g  when B a t t a g l i a  and M e s c h i a ’ s g r oup  c a l c u l a t e d  t h a t  
t h e  t o t a l  o u t p u t  o f  a m i n o - a c i d s  f r o m  t h e  p l a c e n t a  was i n  e x c e s s  
o f  f e t a l  r e q u i r e m e n t s  i n  t h e  s h e e p ,  and p o s t u l a t e d  e x t e n s i v e  
t r a n s a m i n a t i o n  and o x i d a t i o n  o f  a m i n o - a c i d s  i n  t h e  f e t a l  
t i s s u e s  / 4 /  a f i n d i n g  wh i ch  was c o n f i r m e d  by F a i c h n e y  / 3 8 / .  
F e t a l  p l asma u r e a  c o n c e n t r a t i o n s  a r e  h i g h e r  t han  t h e  m a t e r n a l  
i n  a l l  s p e c i e s  s t u d i e d  and t h e  p l a c e n t a l  c l e a r a n c e  o f  u r e a  i n  
t h e  f e t a l  l amb i s  a b o u t  t w i c e  t h a t  i n  t h e  a d u l t ,  when r e l a t e d  
t o  t h e  body w e i g h t ,  and i t  has  been  s u g g e s t e d  t h a t  p r o t e i n  
m i g h t  p r o v i d e  25% o f  t h e  ene r gy  r e q u i r e m e n t s  o f  t h e  f e t a l  l a mb .  
Ur ea  c l e a r a n c e  s t u d i e s  i n  o t h e r  a n i m a l s  and i n  t h e  human 
i n d i c a t e  l e s s  u t i l i s a t i o n  o f  p r o t e i n  as an ene r gy  s o u r c e  / 5 8 / .  
The i n f u s i o n  o f  13C l a b e l l e d  a m i n o - a c i d s  i n  f e t a l  l ambs  i n  
c h r o n i c  p r e p a r a t i o n s ,  i n d i c a t e  d i s p o s a l  r a t e s  f o r  l e u c i n e ,  
g l y c i n e  and s e r i n e  o f  9%, 12% and 46% r e s p e c t i v e l y ,  i n  i n v e r s e  
r e l a t i o n  t o  t h e  o x i d a t i o n  r a t e s  o f  20%, 11% and 8%; t h e s e  
v a l u e s  i n d i c a t e ,  c l e a r l y ,  t h a t  t h e s e  a m i n o - a c i d s  a r e  u t i l i s e d  
i n  many m e t a b o l i c  p a t h w a y s  -  b e s i d e s  p r o t e i n  s y n t h e s i s .  Q u i t e  
r e c e n t l y ,  C a r v e r  e t  a l .  / 1 6 /  h av e  shown t h a t  s h o r t t e r m  
h y p o g l y c a e m i a  i n  t h e  f e t a l  l amb ,  i n c r e a s e s  l e u c i n e  o x i d a t i o n  
b u t  n o t  d i s p o s a l  r a t e :  ho we v e r ,  l o n g t e r m  h y p o g l y c a e m j a , 
i n d u c e d  by i n s u l i n  i n f u s i o n  wh i c h  c u r t a i l e d  f e t a l  g r o w t h  r a t e ,  
c a u s e d  no w e i g h t  s p e c i f i c  a l t e r a t i o n s  i n  e i t h e r  l e u c i n e  u p t a k e
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or  d i s p o s a l ,  no r  o x y gen  c o n s u m p t i o n :  t h e  a u t h o r s  c o n c l u d e d  t h a t  
t h e r e  was an a d a p t a t i o n  t o w a r d s  a r e d u c e d  e n e r g y  e x p e n d i t u r e  
f o r  p r o t e i n  a c c r e t i o n  and t h u s  a s l o w e r  r a t e  o f  f e t a l  g r o w t h .
I I I .  REGULATION
A n i m a l  h u s b a n d r y  has  a l w a y s  known t h e  i m p o r t a n c e  o f  m a t e r n a l  
n u t r i t i o n  f o r  t h e  good out come o f  p r e g n a n c y  and,  d u r i n g  t h e  
l a s t  4 0 - 50  y e a r s ,  t h e  m e d i c a l  c o n d i t i o n s  o f  t h e  s m a l l  f o r  
g e s t a t i o n a l  age i n f a n t ,  and t h e  l a r g e  i n f a n t  b o r n  o f  m o t h e r s  
whose d i a b e t e s  i s  i m p e r f e c t l y  c o n t r o l l e d ,  has p r o v i d e d  a 
s p e c i a l  s t i m u l u s  t o  r e s e a r c h  i n  f e t a l  g r o w t h .  The c o o p e r a t i o n  
o f  t h e  c l i n i c i a n  w i t h  t h e  b a s i c  s c i e n t i s t  has r e s u l t e d  i n  a 
w e a l t h  o f  i n f o r m a t i o n  r e l a t i n g  t o  t h e  mechan i sms  o f  d e v e l o p m e n t  
and g r o w t h .  Human d a t a  s how i ng  t h a t  f e t a l  g e n e t i c  f a c t o r s  
a c c o u n t  f o r  l e s s  t h a n  h a l f  t h e  w e i g h t  a t t a i n e d  by t h e  i n f a n t  a t  
b i r t h ,  i s  now v e r y  f a m i l i a r :  i t  r e l i e v e d  t h e  f e t u s  o f  i t s  o l d  
s t i g m a  o f  b e i n g  c a l l e d  a p a r a s i t e  and h i g h l i g h t e d  t h e  
i m p o r t a n c e  o f  t h e  f e t a l  e n v i r o n m e n t  ' i n  u t e r o ' ,  w h i c h  r e f l e c t s  
m a t e r n a l  h e a l t h  and n u t r i t i o n .  The c h a r a c t e r i s t i c s  o f  t h e  f e t a l  
g r o w t h  c u r v e  and t h e  f i n a l  b i r t h  w e i g h t  a r e  t h e  r e s u l t  o f  t h a t  
o l d  c o n f l i c t  b e t w e e n  demand and s u p p l y ,  h e r e  e x p r e s s e d  by t h e  
s y m b i o s i s  be t ween  t h e  f e t a l  g e n e t i c  g r o w t h  p o t e n t i a l  and t h e  
c a p a c i t y  o f  t h e  mo t h e r  t o  r e s p o n d .
At  t h e  exchange  a r ea
The o v e r a l l  e f f e c t i v e n e s s  o f  p l a c e n t a l  t r a n s f e r  o f  any 
m e t a b o l i t e  w h e t h e r  i t  be p a s s i v e  or  a c t i v e ,  w i l l  be d e t e r m i n e d  
by t h e  s u r f a c e  a r e a  o v e r  w h i c h  t h e  m a t e r n a l  and f e t a l  
c i r c u l a t i o n s  have t h e  o p p o r t u n i t y  t o  e x c hange  and ,  i n  a number  
o f  s p e c i e s ,  m o r p h o m e t r i c  s t u d i e s  documen t  t h e  i n c r e a s e s  w h i c h
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o c c u r  d u r i n g  g e s t a t i o n :  h i s t o l o g i c a l  s t u d i e s  a l s o  i n d i c a t e  
a t t e n u a t i o n  o f  t h e  p l a c e n t a l  membrane i t s e l f  when g r o w t h  o f  t h e  
o r g a n  s l ows  down,  and p h y s i o l o g i c a l  s t u d i e s  c o n f i r m  t h a t  
p e r m e a b i l i t y  o f  t h e  membrane i n c r e a s e s  ( s e e  138d ) .  P l a c e n t a l  
t i s s u e  c o n t a i n s  a l a r g e  number o f  r e c e p t o r s  f o r  g r o w t h  
p r o m o t i n g  hormones  / 8 /  and s t u d i e s  on t h e  human p l a c e n t a  show 
t h a t  i n s u l i n  r e c e p t o r s  i n c r e a s e  t w o f o l d  f r o m 1 1 - 16  weeks 
g e s t a t i o n  and r e a c h  a maximum a t  26 weeks  / 1 1 3 / .  Howeveer  , t h e  
f u n c t i o n  o f  t h e s e  ho r mones  i n  p r o m o t i n g  p l a c e n t a l  g r o w t h  i s  
s t i l l  u n c l e a r  / 1 1 1 /  and t h e y  do n o t  appear  t o  c o n t r o l  t h e  
t r a n s p o r t  p r o c e s s e s :  i n s u l i n  has been shown,  r e p e a t e d l y ,  t o  
h a v e  no i n f l u e n c e  on e i t h e r  a m i n o - a c i d  or  g l u c o s e  t r a n s p o r t  i n  
a v a r i e t y  o f  e x p e r i m e n t a l  p r e p a r a t i o n s .  S t u l c  has s u g g e s t e d  
t h a t  s u b s t a n c e s  r e q u i r e d  f o r  l a y i n g  down t h e  b a s i c  s t r u c t u r e  o f  
t h e  body d u r i n g  g r o w t h ,  wh i c h  a r e ,  t h e r e f o r e ,  n e v e r  i n  
m a t e r n a l : f e t a l  e q u i l i b r i u m ,  may r e q u i r e  r e g u l a t o r y  p r o c e s s e s  by 
t h e  p l a c e n t a l  membrane / 1 2 7 / ;  t h i s  may be e f f e c t e d  f o r  a m i n o -  
a c i d s  by t h e  a c t i v i t y  o f  t h e  h e t e r o g e n e o u s  m i x t u r e  o f  p r o t e i n s ,  
w i t h  t h e i r  h i g h  t u r n o v e r  r a t e  i n  b o t h  t h e  p l a c e n t a  and f e t u s ,  
w h i c h  c r e a t e  m e t a b o l i c  g r a d i e n t s  f o r  u p t a k e  o f  s u b s t r a t e .  As 
p o i n t e d  o u t  e a r l i e r ,  t h i s  a c t i v i t y  o f  p r o t e i n  d e c l i n e s  as 
g e s t a t i o n  p r o c e e d s ,  b u t  t h e  o v e r a l l  i n f l u e n c e  o f  a l a r g e r  
p l a c e n t a  and a r a p i d l y  g r o w i n g  f e t u s  w i l l  i n c r e a s e  t h e  
e f f e c t i v e  g e n e t i c  demand o f  t h e  w h o l e  c o n c e p t u s ,  and t h e  
a n a t o m i c a l  and p h y s i o l o g i c a l  a d j u s t m e n t s  w i l l ,  i n c r e a s i n g l y ,  
p l a y  t h e i r  e s s e n t i a l  r o l e  i n  ma k i n g  n u t r i e n t s  a v a i l a b l e  f o r  
g r o w t h .
P l a c e n t a l  b l o o d  f l o w s
M o l l  / 9 4 /  has  a n a l y s e d  some o f  t h e  a d j u s t m e n t s  w h i c h  t a k e  
p l a c e  i n  u t e r i n e  and p l a c e n t a l  b l o o d  f l o w s  t o  accommodat e  t h e  
i n c r e a s i n g  needs o f  t h e  f e t u s  d u r i n g  g e s t a t i o n .  Some o f  t h e  
s t i m u l u s  f o r  t h e  a n a t o m i c a l  changes may be b r o u g h t  a b o u t  by t h e
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i n c r e a s e  i n  f e t a l  c a p i l l a r y  bed and vo lume o f  f l o w ,  w h i c h  
accompany t h e  g r a d u a l  r i s e  i n  a r t e r i a l  b l o o d  p r e s s u r e  d u r i n g  
t h e  f i n a l  s t a g e  o f  r a p i d  g r o w t h  o f  t h e  f e t u s .  H o w e v e r ,  no 
s i g n i f i c a n t  change  i n  m a t e r n a l  a r t e r i a l  b l o o d  p r e s s u r e  o c c u r s  
d u r i n g  p r e g n a n c y ,  b u t  a r i s e  i n  t h e  c o n d u c t a n c e  o f  t h e  
p l a c e n t a l  v a s c u l a t u r e  i s  b r o g h t  a b o u t  by a w i d e n i n g  o f  t h e  
s u p p l y  a r t e r i e s  and by an e x p a n s i o n  o f  t h e  exchange c h a n n e l s :  
an e s t i m a t e d  1 0 0 - f o l d  i n c r e a s e  i n  f l o w  may o c c u r  and be 
s u s t a i n e d  by a v e r y  low  d r i v i n g  p r e s s u r e ,  i n s p i t e  o f  t h e  
l e n g t h e n i n g  o f  t h e  a r t e r i a l  s y s t e m .  The i n c r e a s e  i n  a r t e r i a l  
d i a m e t e r  i s  b r o u g h t  a b o u t  by e x t e n s i v e  r e m o d e l l i n g  o f  t h e  
v e s s e l  w a l l s  and a p p e a r s  t o  be c o n t r o l l e d  by th e  p l a c e n t a ,  f o r  
d i l a t a t i o n  i n c r e a s e s  p r o g r e s s i v e l y  as th e y  a p p r o a c h  t h i s  
t i s s u e ;  t h e  l o c a l  r e l e a s e  o f  o e s t r o g e n  and p r o g e s t e r o n e  by t h e  
t r o p h o b l a s t i c  i n v a s i o n  o f  t h e  u t e r i n e  a r t e r i e s  may be 
r e s p o n s i b l e ,  f o r  e x o g e n o u s  a d m i n i s t r a t i o n  o f  t h e  s t e r o i d s  i s  
w i t h o u t  e f f e c t  d u r i n g  p r e g n a n c y .  M i l l a w a y  e t  a l . / 9 0 /  have  
s t u d i e d  a n g i o g e n i c  a c t i v i t y  i n  t h e  sheep e n d o m e t r i u m  and 
p l a c e n t a ,  f i n d i n g  h e a t  l a b i l e  s u b s t a n c e s  w h ic h  b o t h  s t i m u l a t e d  
and i n h i b i t e d  e n d o t h e l i a l  p r o l i f e r a t i o n :  e a r l y  i n  g e s t a t i o n  
a n g i o g e n i c  a c t i v i t y  o c c u r s  m o s t l y  i n  t h e  m a t e r n a l  t i s s u e  w i t h  
c a r u n c u l a r  e n d o m e t r i u m  s e c r e t i n g  more t h a n  t h e  i n t e r - c a r u n c u l a r  
t i s s u e ;  s t i m u l a t i o n  by c o t y l e d o n a r y  p l a c e n t a l  t i s s u e  was 
g r e a t e s t  e a r l y  i n  g e s t a t i o n .  S t u d i e s  i n  t h e  human p l a c e n t a  a r e  
v e r y  a c t i v e  / 1 1 1 / .
A w e a l t h  o f  i n f o r m a t i o n  on t h e  v a l u e s  f o r  u t e r i n e  and 
u m b i l i c a l  b l o o d  f l o w s  t o  t h e  p l a c e n t a  has a c c u m u l a t e d  o v e r  t h e  
y e a r s ,  c h i e f l y  i n  a n i m a l  p r e p a r a t i o n s ;  t h e s e  a re  h i g h  n e a r  te r m  
and c o m p a r a b l e  w i t h  c e r e b r a l  b l o o d  f l o w ,  abou t  100 m l / 1 0 0  g 
t i s s u e  on t h e  m a t e r n a l  s i d e  and h a l f  t h i s  v a l u e  on t h e  f e t a l ,  
n e a r  t e r m .  The h i g h  d e l i v e r y  r a t e  o f  s u b s t r a t e  t o  t h e  p l a c e n t a  
i s  n e c e s s a r y  t o  m a i n t a i n  t h a t  o r g a n ;  b u t  t h e  s l o w  t r a n s p o r t  t o ,  
and a c c r e t i o n  b y ,  t h e  f e t u s  a l l o w s  t i m e  f o r  t i s s u e  
d i f f e r e n t i a t i o n  and d e v e l o p m e n t ,  f o r  f e t a l  g r o w t h  r a t e  i s
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r e l a t i v e l y  s l o w  i n  c o m p a r is o n  w i t h  t h a t  w h ic h  o c c u r s  
s u b s e q u e n t l y  i n  t h e  young a n i m a l .  I t  i s  w e l l  known t h a t  a c u t e  
r e d u c t i o n s  o f  m a t e r n a l  p l a c e n t a l  b l o o d  f l o w  cause a f a l l  i n  
t r a n s f e r  r a t e  o f  s u b s t r a t e ,  t h e  e x t e n t  d e p e n d in g  on t h e  
m e t a b o l i t e  and i t s  d i f f u s i o n  and t r a n s p o r t  c h a r a c t e r i s t i c s ,  
t h u s  a l t e r i n g  t h e  b a l a n c e  o f  n u t r i e n t  d e l i v e r e d  t o  t h e  f e t u s ;  
p r e l i m i n a r y  e x p e r i m e n t s  i n  t h e  p e r f u s e d  g u i n e s  p i g  p l a c e n t a  
h a v e  shown r e d u c e d  t r a n s f e r  o f  iC -am ino-N i n  c o m p a r i s o n  w i t h  
ОС- g l u c o s e  when t h e  m a t e r n a l  b lo o d  p r e s s u r e  i s  lo w e r e d  / 7 1 / .  The 
i n c r e a s e d  f e t a l - p l a c e n t a l  v a s c u l a r  r e s i s t a n c e ,  f o u n d  by 
u l t r a s o u n d  m e a s u r e m e n t  i n  th e  human s u b j e c t  w i t h  p r e - e c l a m p s i a  
o r  an IUGR p r e g n a n c y ,  has s t i m u l a t e d  g r e a t  i n t e r e s t  i n  t h e  
e n d o t h e l i a l  d e r i v e d  r e l a x i n g  and c o n t r a c t i n g  f a c t o r s ,  f o u n d  i n  
o t h e r  v a s c u l a r  b e d s .  Us ing  t h e  p e r f u s e d  human p l a c e n t a l  
c o t y l e d o n ,  t h e  r e l a x i n g  f a c t o r ,  n i t r i c  o x i d e ,  a p p e a r s  t o  
m a i n t a i n  t h e  b a s i c  t o n e  o f  t h e  v e s s e l s  and a t t e n u a t e  t h e  
v a s o c o n s t r i c t o r  a c t i o n s  o f  t h r o m b o x a n e  A2 and o f  e n d o t h e l i n - 1 ; 
t h e  s t i m u l u s  t o  i t s  r e l e a s e  may be t r a n s m u r a l  p r e s s u r e ,  f l o w  o r 
s h e a r  s t r e s s  / 9 7 / .
One o f  t h e  m o s t  i n t e r e s t i n g  a s p e c t s  o f  t h e  f e t o - p l a c e n t a l  
r e l a t i o n s h i p  i s  t h a t  o f  i t s  r e s e r v e  c a p a c i t y ;  how f a r  may t h e  
m a t e r n a l  b l o o d  f l o w  and  d e l i v e r y  o f  s u b s t r a t e  be r e d u c e d  b e f o r e  
t h e  g r o w t h  p o t e n t i a l  o f  t h e  f e t u s  i s  c o m p r o m is e d  i n  t h e  c h r o n i c  
s i t u a t i o n ?  Owens a t  a l .  / 1 0 3 /  h a v e  f o u n d ,  i n  t h e  
c a r u n c u l e c t o m i s e d  f e t a l  sheep p r e p a r a t i o n ,  t h a t  t h e  p l a c e n t a l  
w e i g h t  and m a t e r n a l  p l a c e n t a l  b l o o d  f l o w  can be r e d u c e d  by 50% 
b e f o r e  t h e  f e t a l  i n t e r n a l  e n v i r o n m e n t  i s  i m p a i r e d  s u f f i c i e n t l y  
t o  ca use  f e t a l  g r o w t h  r e t a r d a t i o n .  Fox / 4 3 /  has w r i t t e n  a 
l i v e l y  d i s c u s s i o n  on t h e  r e l a t i o n  b e t w e e n  s t r u c t u r e  and 
f u n c t i o n  i n  t h e  human p l a c e n t a ;  he q u o t e s  e a r l y  o b s e r v a t i o n s  o f  
w e l l g r o w n  i n f a n t s  w i t h  no s i g n s  o f  h y p o x i a ,  b o rn  w i t h  p l a c e n t a s  
w i t h  30% o f  t h e i r  v i l l i  embedded i n  f i b r o t i c ,  a v a s c u l a r  
p l a q u e .
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F e t a l  g r o w t h
I n  t h e  f e t u s  t h e  f i n e r  r e g u l a t i o n  o f  body mass i s  l i k e l y  t o  
be d e t e r m i n e d  i n  t h e  same way as i n  t h e  a d u l t ,  by b o t h  l o c a l  
t r o p h i c  f a c t o r s  and hormones s e c r e t e d  by t h e  e n d o c r i n e  o r g a n s .  
The c e l l s  o f  t h e  b l a s t o c y s t  d e s t i n e d  t o  become t h e  f e t u s ,  may 
p a r t i c i p a t e  i n  t h e  e n d o c r i n e  f u n c t i o n  o f  t h e  e a r l y  e m bry o  a n d ,  
i n d e e d ,  t h e  f e t u s  may be i n f l u e n c e d  by t h e  p l a c e n t a l  h o rm o n es  
d u r i n g  g e s t a t i o n .  E a r l y  o b s e r v a t i o n s  on t h e  p a r t  p l a y e d  by t h e  
f e t a l  e n d o c r i n e  o r g a n s  i n d i c a t e d  t h a t  p r e n a t a l  g r o w t h  was 
p r a c t i c a l l y  i n d e p e n d e n t  o f  g r o w t h  hormone / 5 0 / .  E v i d e n c e  f o r  
t h e  p o s s i b l e  r o l e  o f  t h e  e n d o c r i n e  p a n c re a s  f o l l o w e d ,  and 
c u r r e n t  i n t e r e s t  i n  l o c a l  t r o p h i c  f a c t o r s  i s  i n t e n s e .  These  
f a c t o r s  a r e  p r e s e n t  b o t h  b e f o r e  and  a f t e r  th e  f e t a l  e n d o c r i n e  
o r g a n s  a r e  f u n c t i o n a l  so t h a t  t h e  d e v e l o p m e n t  o f  t h e i r  
i n t e r r e l a t i o n s h i p  i s  o f  g r e a t  s i g n i f i c a n c e .  R e c e n t l y ,  t h e  wo rk  
has been  e x t e n s i v e l y  r e v i e w e d  f o r  t h e  r o l e  o f  i n s u l i n  i n  t h e  
human i n f a n t  by M i l n e r  / 9 3 a ,  b /  and t h e  f e t a l  l amb by Fowden 
/ 4 1 / ;  t h e  i n s u l i n - l i k e  g r o w t h  f a c t o r s  by F r o e s c h  and h i s  
c o l l e a g u e s  / 4 5 ,  4 6 /  Owens / 1 0 2 / ,  H i l l  and Han / 6 2 / ,  S a r a  and 
H a a l l  / 1 1 /  and t h e  r o l e  o f  g r o w t h  hormone i n  t h e  r a t  by 
R o b i n s o n  and C l a r k e  / 1 1 5 / .  O n l y  a b r i e f  summary o f  t h i s  v e r y  
c o m p l e x  and f a s c i n a t i n g  s u b j e c t  i s  a t t e m p t e d .
The p l a c e  o f  t h e  e n d o c r i n e  p a n c r e a s  i n  th e  r e g u l a t i o n  o f  
f e t a l  g r o w t h  has been o f  g r e a t  i n t e r e s t  t o  th e  c l i n i c i a n  f o r  
many y e a r s ,  s t i m u l a t e d  o r i g i n a l l y  by t h e  p a t h o l o g y  o f  t h e  
e n l a r g e d  i s l e t s  o f  L a n g e r h a n s  i n  t h e  l a r g e  i n f a n t  b o r n  o f  
d i a b e t i c  m o t h e r s  w i t h  h i g h  b l o o d  s u g a r .  More e v i d e n c e  f o r  t h e  
i m p o r t a n c e  o f  i n s u l i n  as a g r o w t h  hormone came f r o m  t h e  lo w  
b i r t h  w e i g h t  o f  i n f a n t s  w i t h  p a n c r e a t i c  a g e n e s i s  and  f r o m  
e x p e r i m e n t a l  p a n c r e a c t o m y  i n  a n i m a l s .  I n s u l i n  i s  r e s p o n s i b l e  
f o r  t h e  r a p i d  r e g u l a t i o n  o f  m e t a b o l i c  p r o c e s s e s  i n  t h e  a d u l t ,  
s t i m u l a t i n g  u p t a k e  and m e t a b o l i s m  o f  s u b s t r a t e  by t i s s u e s .  I n  
t h e  e a r l y  f e t u s ,  t h e  h i g h  a c t i v i t y  o f  t h e  p r o t e i n s ,  a l o n e ,  w i l l  
c r e a t e  a g r a d i e n t  f o r  t h e  u p t a k e  o f  s u b s t r a t e s .  B u t  as t h e
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t i s s u e s  d e v e l o p  and  t h e i r  membranes become l e s s  p e r m e a b l e  / 2 8 /  
i n s u l i n  may be r e q u i r e d  t o  enhance  and  r e g u l a t e  t h e  a c c e s s  o f  
m e t a b o l i t e s  t o  e n s u r e  t h a t  th e  l o c a l  t r o p h i c  p r o c e s s e s  p r o c e e d  
a t  t h e  r e q u i r e d  r a t e  a t  t h e  c e l l u l a r  l e v e l .  The e n d o c r i n e  
p a n c r e a s  a p p e a r s  e a r l y  i n  t h e  human f e t u s  and t h e  r e c e p t o r s  and 
c i r c u l a t i n g  ho rm one a r e  p r e s e n t  a t h i r d  o f  th e  way t h r o u g h  
g e s t a t i o n ;  t h e s e  e v e n t s  a re  more d e l a y e d  i n  th e  lamb and a r e  
n o t  c o m p l e t e  u n t i l  8§% o f  i n t r a u t e r i n e  l i f e  i n  t h e  r a t .  The 
a c t i o n  o f  e x o g e n o u s  i n s u l i n  i n  t h e  n e a r  te rm f e t a l  l a mb  i s  
known t o  be s i m i l a r  t o  t h a t  i n  t h e  a d u l t :  b e s i d e s  t h e  l o w e r i n g  
o f  b l o o d  g l u c o s e ,  p lasma a m i n o a c i d s  l e v e l s  a re  r e d u c e d ,  
i n d i c a t i n g  t i s s u e  u p t a k e  and r e d u c e  p r o t e i n  c a t a b o l i s m  / 4 2 ,  
6 4 ,  1 1 0 / .  C h r o n i c  f e t a l  h y p e r i n s u 1 i n a e m i a  has been shown t o  
c a u s e  s e l e c t i v e  o r g a n o m e g a l y ,  i n c l u d i n g  t h e  p l a l c e n t a ,  i n  t h e  
r h e s u s  monkey,  b u t  no i n c r e a s e  i n  c e l l  p r o t e i n  c o n t a n t  / 1 2 8 / ;  
s t i m u l a t i o n  o f  p r o t e i n  s y n t h e s i s  r a t e  was o b s e r v e d  i n  t h e  
p l a c e n t a  and i n  s k e l e t a l  mus c l e  i n  t h e  f e t a l  l amb,  o n l y  when 
t h e  p lasma a m i n o - a c i d  l e v e l  was m a i n t a i n e d  / 6 4 / .  A m i n o - a c i d  
a d m i n i s t r a t i o n  i n  t h e  a d u l t  human s u b j e c t  has been shown t o  
i n c r e a s e  w ho le  b ody  p r o t e i n  s y n t h e s i s ,  w h i c h  c o r r e l a t e d  w i t h  a 
r i s e  i n  m e t a b o l i c  r a t e ,  and was a c c o m p a n i e d  by an a u g m e n t a t i o n  
o f  a l l  a s p e c t s  o f  l e u c i n e  m e t a b o l i s m  / 1 0 4 / .  I n c r e a s e d  f e t a l  
s i z e  has been o b s e r v e d  i n  p r e g n a n t  r a t s  g i v e n  a m i n o - a c i d  
i n f u s i o n s  d u r i n g  t h e  l a s t  two d a y s  o f  p re g n a n cy  / 6 1 /  and 
r e s t r i c t e d  f e t a l  g r o w t h  when low  l e v e l s  o f  p lasma a m i n o - a c i d s  
w e r e  m a i n t a i n e d  w i t h  i n s u l i n  i n f u s i o n s  / 1 0 1 / .
An a p p r o p r i a t e  s u b s t r a t e  s u p p l y  w i l l  a l s o  en su re  t h a t  t h e  
l o c a l  c e l l u l a r  t r o p h i c  hormone l e v e l s  a r e  m a i n t a i n e d .  These  
s o m a t o m e d in  p o l y p e p t i d e s ,  now c a l l e d  i n s u l i n - l i k e  g r o w t h  
f a c t o r s  ( I G F s ) ,  b e c a u s e  t h e i r  m o l e c u l a r  s t r u c t u r e  i s  s i m i l a r  t o  
t h a t  o f  i n s u l i n ,  a l s o  have many p r o p e r t i e s  i n  common w i t h  t h i s  
h o r m o n e ;  t h e y  a r e ,  h o w e v e r ,  much l e s s  a c t i v e  than  i n s u l i n  and 
a r e  p r o b a b l y  r e s p o n s i b l e  f o r  t h e  s l o w  r e g u l a t i o n  o f  g r o w t h  
t h r o u g h  t h e i r  a c t i o n  on p r o t e i n  s y n t h e s i s .  The IGFs have  h i g h  
t i s s u e  m R N A i n  f e t a l  o r g a n s ,  i n  a n i m a l s  and t h e  human i n f a n t ;
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t h e  f a c t o r s  can be r e l e a s e d  ' i n  v i t r o '  and have  been shown t o  
s t i m u l a t e  c e l l  d i v i s i o n  and p r o t e i n  s y n t h e s i s  as w e l l  as 
g l u c o s e  and a m i n o - a c i d  t r a n s p o r t .  IGF I  and I I  a re  b o t h  weak
mi t o g e n s f o r c e l l s o f  mesenchymal  o r i g i n  ' i n  v i t r o '  and , i n
c o n t r a s t w i t h mos t o t h e r  m i t o g e n s , t e n d t o  i n c r e a s e c e l l
d i f f e r e n t i a t i o n and enhance  t h e  e x p r e s s i o n o f  s p e c i f i c c e l l
m a r k e r s . E a r l y i n  f e t a l  l i f e ,  p l asma l e v e l s o f  e m b r y o n i c IGFs
a r e  v e r y h i g h a n d , l a t e r ,  d e c l i n e t o  g i v e r i s e  t o  t h e a d u l t
f o r m s .  Bu t  t h e r e  a r e  s p e c i e s  d i f f e r e n c e s :  i n  t h e  human n e w b o r n ,  
IGF I I  i s  o n l y  50% o f  t h a t  i n  t h e  a d u l t  and IGF I  l e v e l s  v e r y  
l o w ,  r i s i n g  t o  a maximum d u r i n g  p u b e r t y ;  i n  t h e  r a t ,  h i g h  
IGF I I  l e v e l s  a t  b i r t h  d e c l i n e  r a p i d l y ,  t o  be c o m p l e t e l y  
r e p l a c e d  by IGF I .  G i l m o u r ' s  g r o u p  / 7 8 /  f i n d  t h a t  t h e  n o r m a l  
p r e p a r t u m  c o r t i s o l  s u r g e  i n  f e t a l  l a m b s  i n h i b i t s  h e p a t i c  IGF I I  
gene  e x p r e s s i o n  and i n d i c a t e s  t h a t  t h e  f e t a l  l i v e r  may be t h e  
p r i m a r y  s o u r c e  o f  f e t a l  p lasma IGF I I .  A d u l t  p lasma IGF l e v e l s  
a r e  c h a r a c t e r i s t i c  o f  a s p e c i e s ,  b e i n g  h i g h  i n  g u i n e a  p i g s  and 
r e l a t i v e l y  low  i n  cows and h o r s e s .  W i t h i n  a s p e c i e s ,  s u c h  as 
t h e  d o g ,  t h e r e  i s  good  c o r r e l a t i o n  b e t w e e n  body s i z e  and p la sm a  
l e v e l .  Plasma l e v e l s  a r e  dep e n d e n t  on t h e  n u t r i t i o n a l  s t a t u s  o f  
t h e  a n i m a l ,  and t h i s  a l s o  a p p l i e s  t o  t h e  p r o t e i n s  t o  w h i c h  t h e y  
a r e  bound  i n  t h e  p l a s m a .
IGF I  p r o d u c t i o n  has o n l y  been  s t u d i e d  i n  a d u l t  a n i m a l s ,  
w h e r e  i t s  f u n c t i o n s  may be t o  m a i n t a i n  t h e  r e m o d e l l i n g  o f  
t i s s u e s ,  e s p e c i a l l y  i n  t h o s e  w h i c h  ha ve  a h i g h  t u r n o v e r  r a t e ,  
s u c h  as t h e  bone  mar row and mucosa o f  t h e  g a s t r o i n t e n s t i n a l  
t r a c t .  P r o d u c t i o n  may be a u t o c r i n e  o r  e n d o c r i n e ,  t h e  l a t t e r  
b e i n g  e f f e c t e d  by b o t h  g r o w t h  horm one and i n s u l i n ,  w h i c h  a l s o  
c o n t r o l  t h e  p r o d u c t i o n  o f  th e  IGF b i n d i n g  p r o t e i n s ,  r e s p o n s i b l e  
f o r  t a r g e t i n g  t h e  g r o w t h  f a c t o r s .  The s m a l l e r  o f  t h e  two  m a j o r  
p r o t e i n s ,  24 kD,  i s  p r o b a b l y  p r o d u c e d  i n  th e  l i v e r  and 
i n t e r a c t s  w i t h  t h e  i n s u l i n  r e c e p t o r  i n  m u s c l e .  The l a r g e r ,  150 
k D ,  p r o t e i n  i s  p r o d u c e d  by v a r i o u s  t i s s u e s ,  e f f e c t i n g  g r o w t h  i n  
c h o n d r o c y t e s  and o s t e o b l a s t s ,  and i s  s t i m u l a t e d  by o e s t r o g e n  
and  g r o w t h  h o r m o n e .  The m e t a b o l i c  i n f l u e n c e  o f  e x o g e n o u s  IGFs 
i s  b e g i n n i n g  t o  be s t u d i e d  as t h e  r e c o m b i n a n t  IGF becomes
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a v a i l a b l e .  B o l u s  i n j e c t i o n s  o f  IGF I  c a u s e  a c u t e  h y p o g l y c a e m i a  
and  a marked u p t a k e  o f  g l u c o s e  by m u s c l e ,  i n  a number  o f  
s p e c i e s ,  b u t  i t  i s  a b o u t  t w e l v e  t i m e s  l e s s  p o t e n t  t h a n  i n s u l i n  
i n  t h i s  r e s p e c t .  S l o w ,  c o n t i n u o u s ,  i n f u s i o n s  appear  t o  ha ve  no 
g r o w t h  p r o m o t i n g  i n f l u e n c e  i n  y o u n g ,  r a p i d l y  g r o w i n g  r a t s ,  and 
i t  may n o t  be p o s s i b l e  t o  s t i m u l a t e  p r o t e i n  s y n t h e s i s  and 
a c c r e t i o n  when t h e y  a r e  a l r e a d y  p r o c e e d i n g  a t  a v e r y  f a s t  r a t e ;  
t h i s  may e x p l a i n  why t h e  f e t u s  g r o w s ,  i n s p i t e  o f  t h e  v e r y  low  
p l a s m a  IGF I  l e v e l s ,  t h e  g e n e t i c  s p e c i e s  o f  f e t a l  p r o t e i n  b e i n g  
u n a b l e  t o  i n c r e a s e  i t s  a c t i v i t y  any f u r t h e r .  I n f u s i o n  o f  IGF I  
d o e s  s t i m u l a t e  g r o w t h  i n  th e  g r o w t h  hormone d e f i c i e n t  S n e l l  
d w a r f  mouse, i n  t h e  h y p o p h y s e c t o m i s e d  r a t  and i n  r a t s  w i t h  
s t r e p t o z o c i n  i n d u c e d  d i a b e t e s ;  b e s i d e s  t h e i r  e n d o c r i n e  
d i s o r d e r s ,  t h e s e  a d u l t  a n i m a l s  w i l l  have  g e n e t i c a l l y  m a t u r e  
s o f t  t i s s u e  and bone  p r o t e i n .
T r a n s f e r  o f  m a t e r n a l  b ody  n i t r o g e n
F e t a l  p lasma has  a c c e s s  t o  two  s o u r c e s  o f  a m i n o - n i t r o g e n  
f r o m  t h e  m a t e r n a l  p l a s m a ,  t h r o u g h  t h e  p l a c e n t a l  membrane :  t o  
t h a t  o f  he r  own b o d y  p r o t e i n ,  w h i c h ' i s  t u r n i n g  o v e r ,  and t o  
t h a t  o f  he r  i n g e s t e d  f o o d ,  w h i c h  c a u s e s  t e m p o r a r y  r i s e s  i n  
p l a s m a  s u b s t r a t e  c o n c e n t r a t i o n .  One o f  t h e  f u n c t i o n s  o f  t h e  
p l a c e n t a l  ho rmones  i s  c o n c e r n e d  w i t h  a l t e r i n g  m a t e r n a l  
m e t a b o l i s m  t o  e n h a n c e  t h e  a v a i l a b i l i t y  o f  he r  s t o r e s  d u r i n g  
p r e g n a n c y ,  b u t  F r e i n k e l ' s  / 4 4 /  c o n c e p t  o f  f a c i l i t a t e d  a n a b o l i s m  
i n  t h e  m o t h e r ,  t o  d i r e c t  n i t r o g e n  t o  t h e  f e t u s ,  i s  s t i l l  
r e l a t i v e l y  u n e x p l o r e d .  N a i s m i t h  / 9 8 /  have s u g g e s t e d  t h a t  p r o t e i n  
m e t a b o l i s m  i s  a n a b o l i c  e a r l y  i n  p r e g n a n c y  i n  t h e  r a t  and 
c a t a b o l i c  d u r i n g  t h e  l a s t  week o f  g e s t a t i o n ,  when m a x i m a l  f e t a l  
g r o w t h  o c c u r s :  h i s  o b s e r v a t i o n s  showed t h a t  n i t r o g e n  r e t e n t i o n  
d u r i n g  t h e  f i r s t  tw o  weeks  o f  p r e g n a n c y  was e q u i v a l e n t  t o  8.5% 
o f  t h e  dams'  l e a n  body  mass and e q u a l  t o  h a l f  t h e  am o u n t  o f
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n i t r o g e n  fo u n d  i n  t h e  f e t u s e s  a t  t e r m ;  no i n c r e a s e  i n  m a t e r n a l  
body  p r o t e i n  was f o u n d  a t  d e l i v e r y .
L i n g  and h i s  g r o u p  / 8 0 a ,  b /  have  shown i n  the  p r e g n a n t  r a t  
t h a t  m a t e r n a l  l i v e r  p r o t e i n  t u r n o v e r  i s  enhanced d u r i n g  t h e  
p e r i o d  o f  r a p i d  f e t a l  g r o w t h ,  he r  p l a s m a  l e u c i n e  o x i d a t i o n  was 
r e d u c e d  and i t s  f l u x  i n c r e a s e d ,  c o r r e s p o n d i n g  w i t h  t h e  r i s e  i n  
f e t a l  u t i l i s a t i o n  w h i c h  was more e f f i c i e n t  than  t h a t  o f  t h e  
m o t h e r .  They a l s o  s t u d i e d  t h e  r e l a t i v e  i m p o r t a n c e  o f  m a t e r n a l  
s t o r e s  and d i e t a r y  p r o t e i n  i n  s u p p l y i n g  f e t a l  n i t r o g e n  
r e q u i r e m e n t s  by m e a s u r i n g  m a t e r n a l  and f e t a l  t u r n o v e r  d u r i n g  
c o n t i n u o u s  i n t r a v e n o u s  f e e d i n g  o f  t h e  m o t h e r  d u r i n g  t h e  p e r i o d  
o f  m a x i m a l  f e t a l  g r o w t h :  m a t e r n a l  c a t a b o l i s m  was a b o l i s h e d ,  
l e u c i n e  f l u x  f r o m  endogenous  s o u r c e s  was reduced  by 80% and 
f e t a l  g r o w t h  s e v e r e l y  c u r t a i l e d ,  and t h e y  c o n c l u d e d  t h a t  
e n d ogenous  m a t e r n a l  t o  f e t a l  n u t r i e n t  exchange  was an i m p o r t a n t  
p h y s i o l o g i c a l  p r o c e s s :  t h e i r  f i n d i n g s  a r e  i n  c o n t r a s t  t o  t h o s e  
q u o t e d  on page 2 , i n  w h i c h  m a t e r n a l  a m i n o - a c i d  i n f u s i o n s  were  
f o u n d  t o  i n c r e a s e  f e t a l  w e i g h t .
M i l l i c a n  e t  a l .  / 9 2 /  c o n s i d e r  t h a t  s k e l e t a l  m u s c l e ,  t h e  
l a r g e s t  p r o t e i n  s t o r e ,  i s  n o t  r e q u i r e d  to  p l a y  a r o l e  as a 
r e s e r v e  i n  t h e  w e l l - f e d  mouse. P r o t e i n  s y n t h e s i s  was m e a s u r e d  
i n  t h e  w h o le  body  and some i n d i v i d u a l  t i s s u e s  i n  m i c e  a t  
v a r i o u s  s t a g e s  o f  p r e g n a n c y  and d u r i n g  l a c t a t i o n :  t h e  r a t e  o f  
p r o t e i n  s y n t h e s i s  i n c r e a s e d  a l m o s t  t h r e e f o l d  d u r i n g  p r e g n a n c y  
and by a f u r t h e r  30% d u r i n g  t h e  f i r s t  two  weeks o f  l a c t a t i o n ;  
t h e  g r e a t e r  p r o p o r t i o n  o f  t h e s e  i n c r e m e n t s  was due  t o  t h e  
p l a c e n t a l  and f e t a l  g r o w t h  d u r i n g  g e s t a t i o n ,  and t o  t h e  mammary 
g l a n d s  d u r i n g  l a c t a t i o n .  A s t i m u l a t i o n  o f  g ro w th  and p r o t e i n  
s y n t h e s i s  was a l s o  o b s e r v e d  i n  t h e  m a t e r n a l  l i v e r  and 
g a s t r o i n t e s t i n a l  t r a c t  b u t  no ch a n g e  i n  p r o t e i n  m e t a b o l i s m  was 
f o u n d  i n  t h e  g a s t r o c n e m i u s  m u s c l e .  P r e l i m i n a r y  s t u d i e s  i n  
r a t s ,  i n  w h ic h  t h e  m a t e r n a l  t i s s u e  p r o t e i n s  were l a b e l l e d  w i t h  
15N a t  f i f t e e n  d a ys  g e s t a t i o n  p r i o r  t o  t h e  f e t a l  g r o w t h  s p u r t ,  
show t h a t  m a t e r n a l  13N i s  c a p t u r e d  and c o n c e n t r a t e d  i n  f e t a l  
p r o t e i n  t h r o u g h o u t  t h e  s u b s e q u e n t  g r o w t h  p e r i o d  i n d i c a t i n g  a
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s h a r i n g  o f  t h e  m a t e r n a l  body c o n s t i t u e n t s  w i t h  th e  f e t u s  w h i c h  
a p p e a r e d  t o  o r i g i n a t e ,  c h i e f l y ,  f r o m  t h e  m a t e r n a l  l i v e r :  t h i s  
was n o t  enhanced when m a t e r n a l  d i e t  was r e s t r i c t e d  / 1 4 0 / .
Whole body p r o t e i n  t u r n o v e r  has  be e n  s t u d i e d  i n  t h e  t h r e e  
t r i m e s t e r s  o f  human p r e g n a n c y ,  by  de B e n o i s t  e t  a l . / 3 1 /  i n  
J a m a i c a n  women, by m e a s u r i n g  the  u r i n a r y  u re a  e n r i c h m e n t  o f  15N 
f o l l o w i n g  a s i n g l e  dose  o f  15N l a b e l l e d  g l y c i n e ;  t h e  t u r n o v e r  
was h i g h e s t  d u r i n g  th e  f i r s t  t r i m e s t e r  and d e c r e a s e d  
t h e r e a f t e r ,  i n  k e e p i n g  w i t h  N a i s m i t h ' s  c o n c e p t  and t h e  
r e d u c t i o n  i n  t u r n o v e r  r a t e  found  i n  m u s c l e  i n  th e  l a s t  week o f  
p r e g n a n c y  i n  t h e  r a t  by M a y e l - A f s h a r  and G r i m b l e  / 8 7 / .  De 
B e n o i s t  e t  a l .  a l s o  f o u n d ,  u n e x p e c t e d l y ,  t h a t  r e s t i n g  m e t a b o l i c  
r a t e  d i d  n o t  c h a n g e  d u r i n g  p r e g n a n c y ,  f o r  t h e r e  i s  u s u a l l y  a 
c o r r e s p o n d e n c e  b e t w e e n  p r o t e i n  s y n t h e s i s  and m e t a b o l i c  r a t e ,  
t h o u g h  t h i s  has  n o t  been s t u d i e d  b e f o r e  d u r i n g  p r e g n a n c y .  I n  
f u r t h e r  s t u d i e s  on Gambian women, u s i n g  th e  same 15N g l y c i n e  
m e t h o d ,  a s i g n i f i c a n t  i n c r e a s e  i n  p r o t e i n  s y n t h e s i s  was 
o b s e r v e d  o n l y  i n  t h e  mi d - t r i m e s t e r  and  an i n c r e a s e  i n  r e s t i n g  
e n e r g y  e x p e n d i t u r e  i n  th e  l a s t  t r i m e s t e r  / 1 3 6 / .  H o w eve r ,  t h e  
u s e  o f  13C l a b e l l e d  l e u c i n e  and 13C b i c a r b o n a t e  t o  m e a s u r e  
s y n t h e s i s  and c a t a b o l i s m  showed a t e n d e n c y  f o r  bo th  t o  i n c r e a s e  
d u r i n g  p re g n a n c y  i n  women; t h e  i n c r e a s e s  became s i g n i f i c a n t  
when t h e  r e s u l t s  w e r e  c o r r e c t e d  f o r  f a t  f r e e  body mass and 
s u p p o r t  th e  v i e w  t h a t  t h e  mother  r e s p o n d s  t o  t h e  r e q u i r e m e n t s  
o f  t h e  f e t u s  / 1 3 1 / .
IV .  DISTURBANCES IN NITROGEN METABOLISM
I n t r a u t e r i n e  g r o w t h  r e t a r d a t i o n
The f e t u s  w h i c h  i s  born  s m a l l  f o r  i t s  g e s t a t i o n a l  age 
u s u a l l y  has a s m a l l  p l a c e n t a ,  b u t  t h e  f e t a l : p l a c e n t a l  w e i g h t  
r a t i o  depends upon  t h e  t i m e  i n  g e s t a t i o n  a t  w h i c h  t h e
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n u t r i t i o n a l  i n s u l t  has  been  i m pose d ,  as w e l l  as i t s  d u r a t i o n .  
I n  t h e  human, a w id e  r a n g e  o f  f e t a l :  p l a c e n t a l  w e i g h t  r a t i o s  i s  
f o u n d  / 9 5 /  b u t  i t  i s  d i f f i c u l t  t o  a s s e s s  when any n u t r i t i o n a l  
d e p r i v a t i o n  may have  o c c u r r e d  t o  d i s r u p t  t h e  d e v e l o p m e n t a l  
p r o g r a m m i n g ,  f o r  t h e r e  may have been  b o t h  t r a n s f e r  and 
m e t a b o l i c  a d a p t a t i o n s  t o  t h e  i n s u l t ;  e v i d e n c e  f o r  t h e  
c o n s i d e r a b l e  r e s e r v e  c a p a c i t y  o f  t h e  f e t o - p l a c e n t a l  
r e l a t i o n s h i p  was g i v e n  on page 23,  and f e t a l :  p l a c e n t a l  r a t i o s  
above n o r m a l  w o u l d  i n d i c a t e  such a c t i v i t y .  I n  g e n e r a l ,  i t  i s  
t h o u g h t  t h a t  p l a c e n t a l  s i z e  i s  d e t e r m i n e d  e a r l y  i n  g e s t a t i o n  
d u r i n g  i t s  maximum g r o w t h  p e r i o d ,  and  f e t a l  w e i g h t  i n  t h e  
se cond  h a l f  o f  p r e g n a n c y .  These c o n s i d e r a t i o n s  d e r i v e  f r o m  
o b s e r v a t i o n s  i n  e x p e r i m e n t a l  a n i m a l s  i n  w h i c h  t h e  ' o p t i m a l  
s t a n d a r d  o f  l i v i n g '  o f  f e t u s e s  has been  d i s t u r b e d  a t  v a r i o u s  
s t a g e s  i n  g e s t a t i o n ,  by r e s t r i c t i n g  m a t e r n a l  n u t r i t i o n  a n d ,  
hence  a l s o ,  t h e  e f f e c t i v e n e s s  o f  he r  r e p r o d u c t i v e  s u p p o r t i n g  
s t r u c t u r e s :  r e d u c t i o n  o i  t h e  n u t r i e n t  s u p p l y  t o  t h e  f e t u s
f o l l o w i n g  m a n i p u l a t i o n  o f  t h e  p l a c e n t a l  mass,  and r e s t r i c t i n g  
e i t h e r  t h e  m a t e r n a l  o r  f e t a l  p l a c e n t a l  b l o o d  f l o w s  i n  v a r i o u s  
ways / 1 0 3 / .  The p o o r  p e r f o r m a n c e  o f  t h e  s m a l l  i n f a n t  o r  a n i m a l  
i n  t h e  n e o n a t a l  p e r i o d  shows t h a t  any  a d a p t a t i o n s  w h i c h  may 
o c c u r  a r e  r e l a t i v e l y  i n a d e q u a t e  and r e c e n t  e p i d e m i o l o g i c a l  
s t u d i e s  i n d i c a t e  t h a t  a d u l t  d i s e a s e ,  s u c h  as t h e  e a r l y  o n s e t  o f  
d i a b e t e s ,  and o f  c a r d i o v a s c u l a r  d i s e a s e ,  may a l s o  be a s s o c i a t e d  
w i t h  b e i n g  s m a l l  f o r  g e s t a t i o n a l  age / 1 / .
a ) I n t e r n a l  e n v i r o n m e n t
The e a r l y  s t u d i e s  o f  Mes tyán  and h i s  c o l l e a g u e s  i n  H u n g a r y ,  
and o f  L i n d l a d  i n  Sweden,  showed c l e a r l y  t h a t  t h e  a m i n o - a c i d  
e n v i r o n m e n t  o f  t h e  IUGR i n f a n t  was i m p a i r e d  a t  d e l i v e r y ,  f o r  
t h e  p la sm a  ami nog ra m was s i m i l a r  t o  t h a t  fo u n d  i n  o l d e r  
c h i l d r e n  w i t h  k w a s h i o k o r  (s ee  138c ) .  More  r e c e n t l y ,  u m b i l i c a l  
v e i n  p l asma  amr inograms a t  C e s a r e a n  s e c t i o n ,  and f r o m  
c o r d o c e n t e s i s  b l o o d  ( u m b i l i c a l -  v e i n  s a m p l i n g  f o r  p r e n a t a l
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d i a g n o s i s ) ,  a l s o  show a m i n o - a c i d  p a t t e r n s  s i m i l a r  t o  t h o s e  
o b s e r v e d  i n  m a l n u t r i t i o n  i n  t h e  a d u l t ,  w i t h  r a i s e d  n o n -  
e s s e n t i a l  and l o w e r  e s s e n t i a l  a m i n o - a c i d  v a l u e s  / 1 9  a , b ,  36,  
3 7 / .  T h i s  work c o n f i r m s ,  most  e l e g a n t l y ,  t h e  e a r l i e r  wo rk  i n  
t h e  IUGR i n f a n t  b u t  one g r o u p  have  u n w i s e l y  s u g g e s t e d  t h e  
i n t r o d u c t i o n  o f  a ' f e t a l  c o n c e n t r a t i n g '  i n d e x  as a g e s t a t i o n a l  
a g e - d e p e n d e n t  m easur e  o f  p l a c e n t a l  d y s f u n c t i o n ,  c o n s t r u c t i n g  
c u r v e s  o f  t h e  n u m e r i c  mean o f  t h e  f e t a l  : m a t e r n a l  r a t i o  o f  s i x  
a m i n o - a c i d s  i n  n o r m a l  p r e g n a n c i e s  as a s t a n d a r d  1 1 1 .  They  have 
n o t  t a k e n  i n t o  a c c o u n t  t h e  n o r m a l l y  l a r g e  r a n g e  o f  any  p l asma 
a m i n o - a c i d  c o n c e n t r a t i o n  and t h e  d i f f i c u l t y  o f  r e l a t i n g  two 
p o o l s  w h ic h  a re  n o t  o n l y  i n d e p e n d e n t l y  r e g u l a t e d ,  b u t  s e p a r a t e d  
by  a v e r y  a c t i v e  o r g a n ,  t h e  p l a c e n t a ,  w h i c h  m e t a b o l i s e s  a m i n o -  
a c i d s .  B e s id e s  t h e  c h a n g e s  i n  p r o f i l e  o f  t h e  p l asma f r e e  a m i n o -  
a c i d s ,  t h e  low  t o t a l  p la sm a  a m i n o - n i t r o g e n  has been c o n f i r m e d  
i n  IUGR i n f a n t s  / 2 0 / ,  i n  t h e  g u i n e a  p i g  / 7 4 /  and i n  t h e  
p a c r e a t e c t o m i s e d  IUGR f e t a l  l amb ' i n  u t e r o '  / 4 2 / ;  t h e  l a t t e r  
c o n s i d e r  t h a t  t h i s  was due t o  t h e  l o w  p l asma  i n s u l i n  l e v e l s  and 
t h e  p r e s e n t  a u t h o r  s u g g e s t s  t h a t  i t  may a l s o  be due t o  t h e  
d e p r e s s e d  p r o t e i n  t u r n o v e r  r a t e ,  w h i c h  i s  d e s c r i b e d  b e l o w .
The cause  o f  t h e  d i s o r d e r  i n  a m i n o - a c i d  m e t a b o l i s m  i n  IUGR 
w i l l  be r e l a t e d  t o  i n a d e q u a t e  t r a n s f e r  o f  t h e  s u p p o r t i n g  
m e t a b o l i t e s ,  as w e l l  as t h a t  o f  t h e  a m i n o - a c i d s  f o r  t h e  p r o t e i n  
s y n t h e t i c  p r o c e s s  / 3 3 / .  R o b in s o n  and h i s  c o l l e a g u e s  / 1 0 3 /  f o u n d  
t h a t  t h e  i n t e r n a l  e n v i r o n m e n t  o f  t h e  IUGR f e t a l  l amb i s  a l t e r e d  
f o r  tw o  o f  t h e  m o s t  f l o w  d e p e n d e n t  s u b s t r a t e s ,  o x y g e n  and 
g l u c o s e .  T o t a l  d e l i v e r y  o f  g l u c o s e  was l o w e r  i n  t h e s e  f e t u s e s  
and  p l a c e n t a l  l a c t a t e  p r o d u c t i o n  i n c r e a s e d  per  u n i t  w e i g h t  o f  
p l a c e n t a ,  w i t h  more b e i n g  t r a n s f e r r e d  t o  t h e  f e t u s ,  f u r t h e r ,  
m a t e r n a l  h y p o b a r i c  h y p o x i a ,  i n d u c e d  f o r  e i t h e r  s h o r t  o r  l o n g  
p e r i o d s ,  was shown t o  have  l i t t l e  o r  no i n f l u e n c e  on p l a c e n t a l  
w e i g h t  b u t  i n h i b i t e d  f e t a l  w e i g h t  g a i n  i n  t h e  la m b .  
C o r d o c e n t e s i s  s a m p l i n g  has shown i n  t h e  human f e t u s  t h a t  
h y p o x i a  i s  d i r e c t l y  r e l a t e d  t o  t h e  m a t e r n o - f e t a l  g l u c o s e  
g r a d i e n t  and C e t i n  e t  a l . / 2 0 /  f o u n d  t h a t  h i g h  l a c t a t e  l e v e l s  i n
Materno-fetal nitrogen 165
u m b i l i c a l  v e i n  b l o o d  were  r e l a t e d  t o  an ab no rm a l  p u l s a t i l i t y  
i n d e x  i n  t h e  u m b i l i c a l  v e s s e l s ,  i n d i c a t i v e  o f  a low b l o o d  f l o w ,  
seen  i n  t h e  D o p p l e r  f l o w  v e l o c i t y  wave f o r m s .
b ) P r o t e i n  s y n t h e s i s
The b i o c h e m i c a l  mechan isms w h e r e b y  t h e  d e c r e a s e d  a c c r e t i o n  
o f  p r o t e i n ,  b r o u g h t  a b o u t  by t h e  c h a n g e s  i n  s u p p l y  and i n t e r n a l  
e n v i r o n m e n t ,  a r e  b e g i n n i n g  t o  be i n v e s t i g a t e d  i n  t h e  IUGR 
f e t u s :  t h e  b a l a n c e  be tw een  s y n t h e s i s  and b reakdown o f  p r o t e i n  
has been  shown t o  be a l t e r e d  t o  v a r i o u s  e x t e n t s  and t h e  p i c t u r e  
i s  n o t  y e t  c l e a r  be ca use  t h e  e x p e r i m e n t a l  methods  u sed  t o  
c r e a t e  IUGR a r e  v a r i e d ,  b u t ,  so f a r ,  t h e  e v i d e n c e  s u g g e s t s ,  
t h a t  a l o w e r  a c c r e t i o n  i s  c h i e f l y  b r o u g h t  abou t  by a d e c r e a s e  
i n  s y n t h e s i s  r a t e  w i t h  l e s s  ch a n g e  i n  d e g r a d a t i o n  r a t e .  
L i m i t a t i o n  o f  oxy gen  s u p p l y  a lo n e  h a s  been shown t o  d e c r e a s e  
a m i n o - a c i d  u p t a k e  by p r o t e i n  i n  t h e  f e t a l  lamb as w e l l  as 
i n c r e a s i n g  u t i l i s a t i o n  o f  en dogenous  s u b s t r a t e  / 9 1 / .  The e a r l y  
o b s e r v a t i o n s  o f  M a y e l - A f s h a r  and G r i m b l e  showed t h a t  m a t e r n a l  
p r o t e i n  d e f i c i e n c y  i n  t h e  r a t  i n f l u e n c e d  p l a c e n t a l  p r o t e i n  
c o n t e n t  t o  a g r e a t e r  e x t e n t  t h a n  t h e  f e t u s ,  b u t  an i n c r e a s e  i n  
p r o t e i n  s y n t h e s i s  r a t e  o c c u r r e d  i n  b o t h ,  as w e l l  as i n  m a t e r n a l ,  
l i v e r  and m u s c l e  p r o t e i n  / 8 7 / .  More r e c e n t l y ,  t h e  i n f l u e n c e  o f  
m a t e r n a l  r e s t r i c t i o n  o f  p r o t e i n ,  o f  f a s t i n g  i n  t h e  m o t h e r  a t  
t h e  end  o f  g e s t a t i o n  and o f  r e s t r i c t i n g  t h e  p l a c e n t a l  b l o o d  
f l o w  h a l f  way t h r o u g h  g e s t a t i o n  has been  i n v e s t i g a t e d  / 6 8 ,  7 0 / :  
p l a c e n t a l  and f e t a l  p r o t e i n  c o n t e n t  was low f o l l o w i n g  a l l  
p r o c e d u r e s ,  f r a c t i o n a l  s y n t h e s i s  r a t e  was re d u c e d  i n  t h e  
p r o t e i n  d e f i c i e n t  and r e s t r i c t e d  b l o o d  f l o w  g r o u p s ,  b u t  
i n c r e a s e d  i n  f a s t e d  m o t h e r s ;  f r a c t i o n a l  p r o t e i n  b re a k d o w n  r a t e  
was a l s o  g r e a t l y  r a i s e d  i n  t h e  l a t t e r ,  b u t  l i t t l e  c h a n g e d  i n  
t h e  f o r m e r  two  g r o u p s .  T h e i r  r e s u l t s  on p r o t e i n  r e s t r i c t i o n  a r e  
i n  a g r e e m e n t  w i t h  W u n d e r l i c h  e t  a l .  / 1 3 7 /  and t h e  c o n t r a s t  w i t h  
t h e  p r e c e e d i n g  d e s c r i p t i o n  may be m e t h o d o l o g i c a l .  Mos t
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r e c e n t l y ,  K e l l y  e t  a l .  / 7 3 /  ha ve  a l s o  fo und  t h a t  fo o d  
r e s t r i c t i o n  r e d u c e s  p u l m o n a r y  g r o w t h  and p r o t e i n  t u r n o v e r  i n  
p r e t e r m  g u i n e a  p i g s  by r e d u c i n g  s y n t h e s i s  r a t e  r a t h e r  t h a n  
c a t a b o l i s m .  L o n g - t e r m  m a t e r n a l  p r o t e i n  m a l t n u t r i t i o n  i n  r h e s u s  
mon ke ys  has a l s o  p r o v i d e d  d a t a  on t h e  f e t a l  b r a i n ,  n o t e d  f o r  
b e i n g  r e l a t i v e l y  s p a r e d  i n  t h e  s m a l l  f e t u s ;  a d i e t  c o n t a i n i n g  
one  t h i r d  t h e  n o r m a l  p r o t e i n  c o n t e n t  p r o d u c e d  f e t u s e s  w i t h  low  
b i r t h  w e i g h t s  i n  w h i c h  t h e  c e r e b e l l u m  and t h e  b r a i n  s te m  were 
s m a l l ,  b u t  w i t h  p r o t e i n ,  DNA and m y e l i n  c o n c e n t r a t i o n s  
u n a f f e c t e d  / 1 1 2 / .  The c o n c l u s i o n  t h a t  p r o t e i n  d e p o s i t i o n  may be 
i n f l u e n c e d  d u r i n g  g r o w t h  by a l t e r i n g  t h e  b a l a n c e  o f  s y n t h e s i s  
and  d e g r a d a t i o n  has  i n t e r e s t i n g  i m p l i c a t i o n s  f o r  s t u d y i n g  i t s  
r e g u l a t o r y  p r o c e s s e s .
The r e l a t i v e  p a r t s  p l a y e d  by t h e  d e f i c i t  i n  s u p p l y  and 
a l t e r a t i o n s  i n  t h e  f e t a l  e n v i r o n m e n t  i n  c u r b i n g  f e t a l  g r o w t h  
p o t e n t i a l  a re  n o t  k n o w n .  A d e f i c i t  i n  s u p p l y ,  such as o c c u r s  i n  
t h e  m a l n o u r i s h e d  m o t h e r ,  may i m p a i r  t h e  r e p r o d u c t i v e  s u p p o r t i n g  
s t r u c t u r e s  and t h e i r  i n i t i a l  r e s p o n s e s  t o  t h e  b l a s t o c y s t  a n d ,  
t h e r e f o r e ,  s u b s e q u e n t  p l a c e n t a l  g r o w t h  and i t s  b l o o d  s u p p l y ,  
b e s i d e s  p r o v i d i n g  a p o o r  d a i l y  i n t e g r a t e d  l e v e l  o f  m a t e r n a l  
p l a s m a  n u t r i e n t  f o r  t r a n s f e r  t o  t h e  f e t u s  d u r i n g  t h e  t h i r d  
t r i m e s t e r .  A d e f i c i t  i n  s u p p l y ,  w h e t h e r  i t  be b r o u g h t  a b o u t  by 
m a t e r n a l  m a l n u t r i t i o n  o r  a s m a l l  p l a c e n t a  w i l l  a l s o  i m p a i r  t h e  
s y n t h e s i s  o f  f e t a l  g r o w t h  h o r m o n e s ,  such  as t h e  I G F s ,  whose 
p l a s m a  l e v e l s  have  been  shown t o  be l o w  i n  t h e  IUGR n e w b o r n  o f  
human and a n i m a l  p r e g n a n c i e s  ( s e e  93a ) .  Snok e t  a l  have  a l s o  
f o u n d  t h a t  t h e  e n d o c r i n e  p a n c r e a s  o f  r a t  o f f s p r i n g ,  whose 
m o t h e r s  have been f e d  a low p r o t e i n  d i e t  d u r i n g  p r e g n a n c y ,  i s  
i m p a i r e d  s t r u c t u r a l l y  and f u n c t i o n a l l y  i n  t h e  n e o n a t a l  p e r i o d  
and  s u b s e q u e n t l y  d u r i n g  a d u l t  l i f e  / 1 2 3 / .
Di  a b e t e s
The m a t e r n o - f e t a l  r e l a t i o n s h i p  o f  t h e  p lasma a m i n o - a c i d s  i n  
p o o r l y  c o n t r o l l e d  human d i a b e t i c  p r e g n a n c i e s  has n o t  been
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s t u d i e d  so e x t e n s i v e l y  as t h e  g l u c o s e  r e l a t i o n s h i p s .  M a t e r n a l  
p la s m a  has e l e v a t e d  l e v e l s  o f  t h e  b r a n c h e d  c h a i n  g r o u p  o f  
a m i n o - a c i d s  and ,  s i n c e  t h e y  a r e  t h e  m o s t  r a p i d l y  t r a n s f e r r e d  
a c r o s s  t h e  p l a c e n t a l  membrane,  t h e y  ha ve  been  i m p l i c a t e d  w i t h  
g l u c o s e  i n  t h e  p a t h o l o g y  o f  t h e  f e t a l  p a n c r e a s  c h a r a c t e r i s t i c  
o f  t h e s e  i n f a n t s .  T h i s  i d e a  was f u r t h e r e d  by de Gasparo e t  a l .  
/ 3 2 /  who f o u n d  t h a t  g r o w t h  o f  t h e  c e l l  i s l e t s  was s t i m u l a t e d  by 
a m i n o - a c i d s  as w e l l  as g l u c o s e  i n  c u l t u r e d  f e t a l  r a t  p a n c r e a s .  
P e r s s o n  e t  a l .  / 1 0 8 /  f o u n d  a s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  
m a t e r n a l  p lasma b r a n c h e d  c h a i n  a m i n o - a c i d s  and a m n i o t i c  C- 
p e p t i d e ,  i n  a s m a l l  g r o u p  o f  g e s t a t i o n a l  and t y p e  I  d i a b e t i c s ,  
i n d i c a t i n g  a d i r e c t  r e s p o n s e  o f  t h e s e  f e t u s e s  t o  i n s u l i n  
s e c r e t a g o g u s ; an i n v e r s e  r e l a t i o n s h i p  was o b s e r v e d  i n  IUGR 
i n f a n t s .  K a l k h o f f  and h i s  g r o u p  have p u r s u e d  t h e  i m p o r t a n c e  o f  
r a i s e d  m a t e r n a l  p l asma  a m i n o - a c i d s  i n  r e l a t i o n  t o  f e t a l  g r o w t h  
i n  d i a b e t i c  p r e g n a n c i e s  i n  a v e r y  d e t a i l e d  s t u d y  / 7 2 / :  t h e y  
co m pa re d  two  c o n t r o l  g r o u p s ,  o f  l e a n  and obese  women, w i t h  a 
g r o u p  o f  l e a n  i n s u l i n  d e p e n d e n t  t y p e  I  d i a b e t i c  women, e a r l y  
and l a t e  i n  g e s t a t i o n ,  r e l a t i n g  t h e  a m i n o - a c i d s  t o  f e t a l  w e i g h t  
and t o  t h e  p lasma g l u c o s e  l e v e l s ;  m a t e r n a l  p lasma a m i n o -  a c i d  
l e v e l s  were  g r e a t e s t  i n  t h e  t y p e  I  d i a b e t i c s ,  o n l y ,  and w ere  
d i r e c t l y  r e l a t e d  t o  t h e  i n f a n t  b i r t h  w e i g h t ,  b u t  n o t  t o  t h e  
m a t e r n a l  p l asma g l u c o s e  l e v e l ;  i n t e r e s t i n g l y ,  a r a i s e d  p la s m a  
s e r i n e  l e v e l  c o r r e l a t e d  most  c l o s e l y  w i t h  f e t a l  w e i g h t .  
I n c  h i o s t r o  e t  a l .  / 6 5 /  have  s t u d i e d  t h e  e f f e c t s  o f  i n s u l i n  and 
a m i n o - a c i d  i n f u s i o n  i n  i n s u l i n  d e p e n d e n t  t y p e  I  d i a b e t i c s  i n  
o r d e r  t o  e v a l u a t e  t h e i r  a n a b o l i c  i n f l u e n c e  on p r o t e i n  
m e t a b o l i s m ;  u s i n g  a g l u c o s e  c l a m p ,  b o t h  o x i d a t i v e  and n o n -  
o x i d a t i v e  l e u c i n e  d i s p o s a l  were  f o u n d  t o  be g r e a t e r  i n  t h e  IDDM 
p a t i e n t s  t h a n  i n  c o n t r o l s .
S o l t é s z  e t  a l  / 1 2 5 /  f o u n d  h i g h  t o t a l  p lasma a m i n o - a c i d  
c o n c e n t r a t i o n s  i n  f u l l - t e r m  n e w bor ns  o f  d i a b e t i c  m o t h e r s ,  
a c c o m p a n y i n g  t h e  low  p l asma  g l u c o s e  l e v e l s ;  th e  most e l e v a t e d  
l e v e l s  were t h o s e  o f  g l y c i n e  and a l a n i n e  as i n  t h e  IUGR i n f a n t .
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I t  was c o n s i d e r e d  t h a t  t h e  h y p e r a m i n o a c i d a e m i a  m i g h t  be due t o  
t h e  b i r t h  a s p h y x i a  and t h a t  t h e  r a i s e d  a l a n i n e  was n o t  
i n d i c a t i v e  o f  i m p a i r e d  g l u c o n e o g e n e s i s . S i m i l a r  p la s m a  changes  
h ave  been f o u n d  p o s t  o p e r a t i v e l y  i n  t h e  lamb i n  u t e r o  / 1 4  /  and 
i n  t h e  h e a l t h y  new bor n  f o a l  / 1 4  / ;  n o r m a l  v a l u e s  a r e  a t t a i n e d  
i n  t h e  f o r m e r  a f t e r  f i v e  days and more  r a p i d l y  i n  t h e  l a t t e r .
I h e  a n i m a l  mo de l  o f  s t r e p t o z o c i n  i n d u c e d  d i a b e t e s ,  i n  w h ic h  
t h e  f e t u s e s  a r e  s m a l l ,  has been  g i v e n  more r e l e v a n c e  s i n c e  
P e d e r s n  / 1 0 5 /  o b s e r v e d ,  u s i n g  u l t r a s o u n d  t e c h n i q u e s ,  t h a t  
f e t a l  g r o w t h  r e t a r d a t i o n  o c c u r s  i n  t h e  f i r s t  t r i m e s t e r  o f  human 
d i a b e t i c  p r e g n a n c i e s :  f u r t h e r ,  t h e  e x t e n t  o f  t h e  e a r l y  g r o w t h  
r e t a r d a t i o n  i n  c o r r e l a t e d  w i t h  t h e  s e v e r i t y  o f  t h e  d i s e a s e .  The 
r a t  model  w i t h  i t s  i m m a t u r e  f e t u s e s  may,  t h e r e f o r e ,  c o r r e s p o n d  
w i t h  e a r l y  e v e n t s  i n  t h e  human and be r e l e v a n t  f o r  s t u d y i n g  t h e  
e t i o l o g y  o f  d i s o r d e r e d  s o m a t i c  g r o w t h .  Canavan and G o l d s p i n k  
/ 1 3 /  f o u n d  p r o t e i n  s y n t h e s i s  r a t e  t o  be low and d e g r a d a t i o n  
i n c r e a s e d  d u r i n g  t h e  l a s t  t r i m e s t e r  o f  h y p e r g l y c a e m i c  p r e g n a n t  
r a t s :  t h e  lo w  b i r t h w e i g h t  c o u l d  t h e r e f o r e  be a c c o u n t e d  f o r  by 
b o t h  t h e  l o w e r  s y n t h e s i s  r a t e  and a l t e r a t i o n  i n  t h e  b a l a n c e  o f  
s y n t h e s i s  and b r e a k d o w n .  Jo hnso n  e t  a l .  / 6 9 /  f o u n d  t h a t  
h y p e r i n s u l i n a e m i a  i n  f e t a l  r a t s ,  i n d u c e d  by t r a n s u t e r a l  
i n j e c t i o n  i n  t h e  t h i r d  t r i m e s t e r ,  caused  m a cr osom ia  b u t  no 
i n c r e a s e  i n  f r a c t i o n a l  s y n t h e s i s  r a t e  nor  b r eakdow n  i n  t h e  
b r a i n ,  l i v e r  o r  h e a r t ;  f r a c t i o n a l  s y n t h e s i s  r a t e  was ,  h o w e v e r ,  
r e d u c e d  i n  t h e  d i a p h r a g m .  T h e i r  r e s u l t s  c o n f i r m  e a r l i e r  w o rk  on 
t h e  i n f l u e n c e  o f  i n s u l i n  on i n d i v i d u a l  o r g a n s  i n  t h e  f e t a l  lamb 
/ 6 4 /  and t h e  c o n c l u s i o n  t h a t  t h e  a c t i o n  o f  i n s u l i n  on i m m a t u r e  
p r o t e i n  i s  p r e d o m i n a n t l y  on s k e l e t a l  m u s c l e .  C o p e l a n d  and 
P o r t e r f i e l d  / 2 6 /  f o u n d  t h a t  t h e  p l a c e n t a l  t r a n s f e r  o f  t h e  non -  
m e t a b o l i s a b l e  ami n o - a c i  d , of-i s o b u t y r  i c a c i d ,  was r e d u c e d  i n  
s t r e p t o z o t o c i n  i n d u c e d  d i a b e t i c  r a t s  and t h a t  no i m p r o v e m e n t  
a c c o m p a n i e d  t h e  m a t e r n a l  a d m i n i s t r a t i o n  o f  i n s u l i n ,  t h o u g h  b o t h  
m a t e r n a l  and f e t a l  p lasma T4 l e v e l s  were i n c r e a s e d .  
S u b s e q u e n t l y ,  t h e y  f o u n d  t h a t  t h e  p lasma aminogra ms were
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changed  i n  t h e i r  d i a b e t i c  r a t s  / 2 7 /  and t h a t  t h e  low g l y c i n e ,  
s e r i n e  and l y s i n e  l e v e l s  i n  t h e  m a t e r n a l  p l asma  and p l a c e n t a l  
t i s s u e  were p a r t i a l l y  r e s t o r e d  by i n s u l i n ;  f e t a l  p lasma a m i n o -  
a c i d s  were s l i g h t l y  r e d u c e d ,  a l t h o u g h  a l a n i n e  was r a i s e d  and no 
ch anges  o c c u r r e d  w i t h  m a t e r n a l  i n s u l i n  t r e a t m e n t ,  even t h o u g h  
b o t h  m a t e r n a l  and f e t a l  g l u c o s e  was r e t u r n e d  t o  n o r m a l .
I n f l u e n c e  o f  some t o x i c  s u b s t a n c e s  and d r u g s
The f e t u s e s  o f  m o t h e r s  s u b j e c t e d  t o  some o f  t h e  
e n v i r o n m e n t a l  p o l l u t a n t s  and d r u g s ,  p r e s c r i b e d  o r  t a k e n  
v o l u n t a r i l y  d u r i n g  p r e g n a n c y ,  a re  f r e q u e n t l y  g r o w t h  r e t a r d e d  
and have i m p a i r e d  p o s t n a t a l  d e v e l o p m e n t ,  t h e  s e l e c t i v e  
i m p a i r m e n t  o f  o r g a n o g e n e s i s  b e i n g  w e l l  known.  P a r t i c u l a r  
c o n c e r n  f o r  t h e  f e t u s e s  w i t h  t h e  ' a l c o h o l  s y n d r o m e ' ,  t h o s e  o f  
d r u g  a d d i c t e d  m o t h e r s ,  t h e  IUGR seen i n  t h e  newborn o f  s m o k i n g  
m o t h e r s  and t h e  l e s s  o b v i o u s  d i s a b i l i t i e s  ca u s e d  by cadmium and 
l e a d  p o i s o n i n g ,  has  l e d  t o  a h o s t  o f  i n v e s t i g a t i o n s  i n t o  t h e  
mechan isms o f  ' t o x i c '  a c t i o n  o f  t h e s e  s u b s t a n c e s ,  w h ic h  p r o v e  
t o  be n u m e r o u s .  I n  t h e  c o n t e x t  o f  t h i s  a r t i c l e ,  t h e  g r o w t h  
r e t a r d a t i o n  i n d i c a t e s  r e s t r i c t i o n  o f  t h e  g e n e r a l  p r o t e i n  
s y n t h e t i c  p r o c e s s  and i t s  c o n t r o l ;  h o w e v e r ,  t h e r e  a r e  no 
r e c o r d s  o f  t h e  i n t e r n a l  e n v i r o n m e n t  w h i c h  m i g h t  be e x p e c t e d  t o  
be changed  i n  t h e s e  f e t u s e s ,  and fe w  on d i s t u r b a n c e s  o f  t h e  
m ix ed  p r o t e i n  s y n t h e t i c  r a t e s  o f  t h e i r  t i s s u e s .
H y p e r t e n s i v e  o r  h y p o t e n s i v e  d r u g s  may cause  m a l n u t r i t i o n  o f  
t h e  f e t u s  by r e d u c i n g  m a t e r n a l  p l a c e n t a l  b l o o d  f l o w  t h u s  
d e p r i v i n g  t h e  f e t u s  o f  e s s e n t i a l  n u t r i e n t s  and o x ygen ;  s u c h  was 
t h e  i n f l u e n c e  o f  c a p r i t o l ,  t h e  a n g i o t e n s i n  c o n v e r t i n g  enzyme 
i n h i b i t o r ,  w h i c h  was once used t o  t r e a t  h y p e r t e n s i o n  i n  
p r e g n a n c y  / 1 2 / .  Heavy m e t a l s  may a l s o  d e p r i v e  t h e  f e t u s  o f  
n u t r i e n t s  by a c c u m u l a t i n g  i n  t h e  t r o p h o b l a s t  as M i l l e r  f o u n d  i n  
h i s  c l a s s i c  s t u d y  w i t h  cadmium i n  r a t s  / 7 5 / .  No s h o r t - t e r m  
i n f l u e n c e  o f  cadmium can be o b s e r v e d  on a m i n o - a c i d  t r a n s f e r  b u t
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w i t h  l o n g  - t e r m  e x p o s u r e  t h e  i n c o r p o r a t i o n  o f  t h y m i d i n e  i n t o  
f e t a l  ONA i s  d e c r e a s e d  and t h a t  o f  l e u c i n e  i n t o  p r o t e i n  i s  a l s o  
d e p r e s s e d  / 1 3 5 / .
Of t h e  ' t o x i c '  s u b s t a n c e s  w h i c h  d i f f u s e  r e a d i l y  a c r o s s  th e  
p l a c e n t a  a l c o h o l  i s  one w h i c h  has been t h e  mo s t  a c t i v e l y  
s t u d i e d ;  i t  i s  q u i c k l y  t r a n s f e r r e d  f r om  mother  t o  f e t u s  t o  
a t t a i n  e q u i l i b r i u m  on each s i d e  o f  th e  p l a c e n t a l  membrane 
/ 1 2 9 / .  The IUGR c h a r a c t e r i s t i c  o f  t h e  f e t a l  ' a l c o h o l  s y n d r o m e ' ,  
i s  a c co m pan ie d  by m i c r o c e p h a l y  and o t h e r  m a l f o r m a t i o n s  w h ic h  
i n d i c a t e s  t h a t  a l c o h o l  e x p o s u r e  d u r i n g  p re g n a n c y  i n f l u e n c e s  
g r o w t h  i n  many ways / 4 0 a  /  .06Ami n o - i  s o b u t y r  i  c a c i d  u p t a k e  by 
c u l t u r e d  human t r o p h o b l a s t  i s  i n h i b i t e d  by l o n g - t e r m ,  b u t  n o t  
s h o r t  t e r m ,  e x p o s u r e  t o  a l c o h o l  i n  c o n c e n t r a t i o n s  e q u i v a l e n t  t o  
t h o s e  fo u n d  i n  h e a v y  d r i n k e r s ,  300 mg9», and no i n h i b i t i o n  o f  
h i s t i d i n e  t r a n s f e r  was o b s e r v e d  i n  t h e  d u a l l y  p e r f u s e d  human
p l a c e n t a l  c o t y l e d o n  /40 ,b / .  Rawat  f o u n d  an i n h i b i t i o n  o f  
h e p a t i c  p r o t e i n  s y n t h e s i s  i n  t h e  n e a r  t e r m  f e t a l  r a t  / 1 1 4 / ,  and 
t h e r e  a re  many r e p o r t s  o f  i m p a i r e d  a m i n o - a c i d  t r a n s m i t t e r  
b i n d i n g  i n  t h e  d e v e l o p i n g  b r a i n  / 3 9 /  t o g e t h e r  w i t h  d e p r e s s e d  
p o s t n a t a l  a u d i t o r y ,  memory and l e a r n i n g  c a p a c i t i e s  i n  a n i m a l s  
and  i n  man / 2 4 / .  IUGR i n d u c e d  by a l c o h o l  i s  a l s o  a c c o m p a n i e d  by 
i m p a i r m e n t  o f  f e t a l  a c c u m u l a t i o n  o f  s u b s t a n c e s  s u c h  as 
m e t h i o n i n e ,  z i n c  and v i t a m i n  B 12 ,  a l l  known t o  be e s s e n t i a l  
f o r  c e l l  d i v i s i o n  and g r o w t h  / 1 2 0 /  and i t  i s  r e p o r t e d  t h a t  t h e  
s y n d r o m e  may be a m e l i o r a t e d  i n  t h e  r a t  by t h y r o x i n e  / 5 7 / .
POSTSCRIPT
The d e v e l o p m e n t  o f  methods  f o r  m e a s u r in g  t h e  d y n a m i c  
a s p e c t s  o f  t h e  i n t e r a c t i o n s  b e tw e e n  t h e  m o th e r  and p l a c e n t a  and
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betw een t h e  p l a c e n t a  and f e t u s ,  n a m e l y ,  t r a n s f e r  r a t e  and 
p r o t e i n  s y n t h e t i c  r a t e ,  has s t a r t e d  t o  p r o v i d e  us w i t h  much 
needed i n f o r m a t i o n  on t h e  c o n c e p t u s ' s  a m i n o a c i d  and p r o t e i n  
m e t a b o l i s m .  M i xed  p r o t e i n  s y n t h e s i s  and t u r n o v e r  r a t e  has  been 
shown t o  be h i g h  i n  f e t a l  t i s s u e s  and i t  i s  s u g g e s t e d  t h a t  t h e  
m e t a b o l i c  g r a d i e n t  w h i c h  t h i s  c r e a t e s  be tween m o t h e r  and 
c o n c e p t u s  i s  t h e  s t i m u l u s  f o r  t h e  c a p t u r e  o f  a m i n o - a c i d s  by t h e  
f e t u s ,  t o g e t h e r  w i t h  t h e  m o l e c u l a r  and s t r u c t u r a l  m o b i l i t y  i t  
p r o v i d e s  f o r  t h e  r e m o d e l l i n g  p r o c e s s e s  d u r i n g  d e v e l o p m e n t .  T h i s  
a c t i v i t y  o f  t h e  m ix ed  p r o t e i n s  d e c l i n e s  d u r i n g  f e t a l  l i f e  as 
t h e  p l a c e n t a l  b l o o d  f l o w s  and ,  t h e r e f o r e ,  s u b s t r a t e  d e l i v e r y  
i n c r e a s e .  The f r e e  a m i n o - a c i d  i n t e r n a l  m i l i e u  o f  t h e  m o t h e r ,  
t h e  p l a c e n t a  and f e t u s ,  and some o f  t h e i r  c h a n g e s  and 
i n t e r r e l a t i o n s h i p s  d u r i n g  p r e g n a n c y ,  a r e  now f a m i l i a r  f o r  a 
number o f  s p e c i e s  d e m o n s t r a t i n g  d i f f e r e n c e s  i n  t h e i r  
m e t a b o l i s m .  The p a t t e r n  o f  u t e r i n e  a r t e r i o - v e n o u s  p l asma  a m i n o ­
a c i d  d i f f e r e n c e  i s  d i f f e r e n t  f r o m  t h a t  o f  t h e  u m b i l i c a l  v e i n -  
a r t e r y ,  i n d i c a t i n g  a l a r g e  r e l e a s e  o f  n o e s s e n t i a l  a m i n o - a c i d s  
f r o m  t h e  t r o p h o b l a s t  i n t o  t h e  f e t a l  c i r c u l a t i o n  and ,  t h e r e f o r e ,  
t h e i r  s y n t h e s i s  by t h e  p l a c e n t a  / 2 3  a ,  b / .  There  i s  e v i d e n c e  
f o r  s u c h  m e t a b o l i c  a c t i v i t y ,  n a m e l y  d e a m i n a t i o n  o f  e s s e n t i a l  
a m i n o - a c i d s  by b o t h  t h e  p l a c e n t a  and f e t u s  i n  t h e  p r e g n a n t  ewe 
' i n  v i v o ' .  There  i s  a l s o  i n d i r e c t  e v i d e n c e  i n  t h e  human 
p l a c e n t a ,  f r o m  s t u d i e s  i n  t h e  p e r f u s e d  p l a c e n t a l  c o t y l e d o n  f o r  
t h e s e  i n t e r c o n v e r s i o n s ,  and i t  w i l l  be i m p o r t a n t  t o  have  d i r e c t  
p r o o f  b e c a u s e  g l y c i n e ,  f o r  i n s t a n c e ,  may be c o n s i d e r e d  a 
c o n d i t i o n a l l y  e s s e n t i a l  a m i n o - a c i d  f o r  f e t a l  g r o w t h .
The i n t e r n a l  a m i n o - a c i d  e n v i r o n m e n t  o f  t h e  f e t u s  i s  changed  
i n  t h e  IUGR human i n f a n t ,  t h e  p la sm a  ami nogra m b e i n g  
c h a r a c t e r i s t i c  o f  m a l n u t r i t i o n  i n  c h i l d r e n  and a d u l t s .  O t h e r  
c h a r a c t e r i s t i c s  o f  t h e  f e t a l  i n t e r n a l  e n v i r o n m e n t ,  s u c h  as t h e  
o x y g e n ,  a c i d / b a s e  and g l u c o s e  s t a t u s  o f  t h e  b l o o d ,  a r e  a l s o  
i m p a i r e d  a t  d e l i v e r y  i n  b o t h  a n i m a l  and human f e t u s e s  b o r n
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s m a l l  f o r  g e s t a t i o n a l  age .  I t  j s  d i f f i c u l t  t o  a s s e s s  t h e  
r e l a t i v e  p a r t s  p l a c e d  by a d e f i c i t  i n  s u p p l y  o f  m e t a b o l i c  
s u b s t r a t e s ,  and t h e  a l t e r e d  i n t e r n a l  m i l i e u ,  i n  c u r b i n g  f e t a l  
g r o w t h  p o t e n t i a l ,  e s p e c i a l l y  as t h e  e x p e r i m e n t a l  m e t h o d s  used  
i n  a n i m a l s  t o  p r o d u c e  g r o w t h  r e t a r d a t i o n  i n f l u e n c e  t h e  
m a t e r n a l - f e t a l  r e l a t i o n s h i p  i n  d i f f e r e n t  ways / 2 ,  2 5 / .  The lo w  
p r o t e i n  a c c u m u l a t i o n  r a t e  i n  t h e s e  s m a l l  f e t u s e s  a p p e a r s  t o  be 
due  t o  a d i s t u r b a n c e  o f  t h e  n o r m a l  s y n t h e t i c / c a t a b o l i c  
b a l a n c e ,  p r o t e i n  s y n t h e s i s  b e i n g  r e d u c e d  t o  a g r e a t e r  e x t e n t  
t h a n  c a t a b o l i s m .  I n  t h e  a d u l t  r a t  p r o t e i n  d e g r a d a t i o n  i s  
s u p p r e s s e d  by p r o t e i n  d e p r i v a t i o n  / 1 3 0 / .
So,  how can p r e s e n t  k n o w le d g e  h e l p  i n  p r e v e n t i n g ,  o r  
t r e a t i n g ,  t h e  d i s o r d e r s  o f  i n t r a u t e r i n e  g r o w t h ?  I d e a l l y ,
p l a c e n t a l  s u p p l y  s h o u l d  met g e n e t i c  demand and t h e  scene  be s e t  
a t  i m p l a n t a t i o n ,  an e x p e r i m e n t a l  f i e l d  i n  w h ic h  t h e r e  i s  now 
much a c t i v i t y  i n  r e l a t i o n  to  a s s i s t e d  f e r t i l i s a t i o n ;  w o rk  on 
t h e  d e v e l o p m e n t  o f  t h e  p l a c e n t a  / 1 1 1 /  i s  now t a k i n g  t h e  p l a c e  
o f  t h a t  o f  t h e  h o r m o n a l  r e g u l a t i o n  o f  p l a c e n t a l  b l o o d  f l o w ,  and 
no one w ou ld  d i s a g r e e  t h a t  p r e v e n t i o n  o f  i m p a i r e d  f e t a l  g r o w t h  
may come f r o m  t h e  r e s u l t s  o f  a l l  t h e s e  s t u d i e s  when
t h o u g h t f u l l y  a p p l i e d .  M e a n w h i l e ,  t h e r e  i s  no e v i d e n c e  t h a t  
p l a c e n t a l  b l o o d  f l o w  and f e t a l  s u p p l y  can be i n c r e a s e d  once  
IUGR e x i s t s ,  so t h e r e  r e m a i n s  t h e  p o s s i b i l i t y  o f  n u t r i e n t  
s u p p l e m e n t a t i o n  o f  t h e  m o t h e r ,  o r  t h e  f e t u s  d i r e c t l y .  R e c e n t l y ,  
H a r d i n g  e t  a l , / 5 9 /  have  r e v i e w e d  a t t e m p t s  by t h e  c l i n i c i a n s  t o  
do t h i s ,  u s i n g  m e t h o d s  based on some o f  th e  e x p e r i m e n t a l  
s t u d i e s  i n  a n i m a l s  d e s c r i b e d  i n  t h i s  a r t i c l e .  I n  t h e  p r e s e n t  
c o n t e x t ,  t h e  r e s u l t s  o f  a m i n o - a c i d  o r  h i g h  p r o t e i n  s u p p l e m e n t s  
w e r e  d i s a p p o i n t i n g  / 1 1 6 /  p o s s i b l y  due t o  t h e  e n s u r i n g  
i m b a l a n c e  o f  a m i n o - a c i d s  and t h e  c o n s e q u e n t  i m p a i r m e n t  o f  
t r a n s p o r t  and m e t a b o l i s m  / 2 1 / .  The d i a b e t o l o g i s t s  h a d ,  
p e r h a p s ,  an e a s i e r  t a s k  when n e e d i n g  t o  r e d u c e  t h e  s u p p l y  o f  
one  m e t a b o l i t e ,  o n l y ,  t o  th e  p o t e n t i a l l y  l a r g e  i n f a n t  o f  
d i a b e t i c  m o t h e r s ?
M aternal-fetal nitrogen 173
ACKNOWLEDGEMENTS
The a u t h o r  w i s h e s  t o  t h a n k  t h e  l i b r a r i a n s  a t  AFRC B a b ra h a m ,  
C a m b r i d g e ,  ana a t  t h e  M e d i c a l  S c h o o l ,  A d d e n b r o o k ' s  H o s p i t a l ,  
C a m b r i d g e ,  f o r  much e f f i c i e n t  and c h e e r f u l  h e l p .  A l s o ,  D r .  
S t e w a r t  G i l m o u r  f o r  h o s p i t a l i t y  i n  t h e  d e p a r t m e n t  o f  C e l l u l a r  
P h y s i o l o g y  a t  AFRC Babraham.
REFERENCES
1. B a r k e r  DJP,  Gluckman PD, G o d f r e y  KM, H a r d i n g  JE ,  Owens
ЛА, R o b i n s o n  JS:  F e t a l  n u t r i t i o n  and c a r d i o v a s c u l a r
d i s e a s e  i n  a d u l t  l i f e .  The L a n c e t  341 ( 1 ) :  938 ,  1993
2 .  B a s s e t t  JM: C u r r e n t  p e r s p e c t i v e s  on p l a c e n t a l  d e v e l o p m e n t  
and i t s  i n t e g r a t i o n  w i t h  f e t a l  g r o w t h .  P roc N u t r  Soc 50 :  
311 ,  1991
3.  B a t t a g l i a  F:  An u p d a t e  o f  f e t a l  and p l a c e n t a l  m e t a b o l i s m :  
c a r b o h y d r a t e  and a m i n o - a c i d s .  B i o l  Neonate  65:  3 4 7 ,  1989
4 .  B a t t a g l i a  F , Me sc h ia  G : An I n t r o d u c t i o n  t o  F e t a l
P h y s i o l o g y .  A cademi c  P r e s s ,  New Y o r k ,  pp 257 .  1906
5 .  B e l l  AW, B a t t a g l i a  F,  M e s c h i a  G: R e l a t i o n  b e tw e e n
m e t a b o l i c  r a t e  and body s i z e  i n  t h e  o v i n e  f e t u s .  J N u t r  
117 :  1181 ,  1987
6 . B e l l  AW, Kennaugh JM, B a t t a g l i a  FC, Meschia G: U p t a k e  o f  
a m i n o - a c i d s  and ammonia a t  m i d g e s t a t i o n  by t h e  f e t a l  
l a m b .  Q u a r t  J Expm P h y s i o l  7 4 :  6 3 5 ,  1989
7.  B e r n a d i n i  I ,  Evans M I ,  N i c o l i a d e s  KH, Ecomomides DL,  Gah l
*vA: Tire f e t a l  c o n c e n t r a t i n g  i n a e x  as a g e s t a t i o n a l  a g e -
d e p e n d e n t  measure  o f  p l a c e n t a l  d y s f u n c t i o n  i n
i n t r a u t e r i n e  g r o w t h  r e t a r d a t i o n .  Am J Obste t  Gynaec  164 :  
1481 ,  1991
8 . B l a y  J ,  H o l l e n b e r g  MD: The n a t u r e  and f u n c t i o n  o f
p o l y p e p t i d e  g r o w t h  f a c t o r  r e c e p t o r s  i n  t h e  human 
p l a c e n t a .  J Dev P h y s i o l  12:  2 3 7 ,  1989
9.  B loxam D L , T y l e r  CF, Young M: F e t a l  g l u t a m a t e  as a
p o s s i b l e  p r e c u r s o r o  o f  p l a c e n t a l  g l u t a m i n e  i n  t h e  g u i n e a  
p i g .  B ioc hem J 198 :  397 ,  1981
10 .  Boyd CAR: P l a c e n t a l  t r a n s p o r t  s t u d i e d  by means o f
i s o l a t e d  p la sm a  membrane v e s i c l e s .  P roc N u t r  Soc 5 0 :  337 ,  
1991
174 M. Young
11.  Boyd RDH, S i b l e y  C: C o n t r o l  o f  t r a n s f e r  a c r o s s  t h e  m a t u r e  
p l a c e n t a .  O x f o r d  Rev Repród B i o l  1 0 :  382 ,  1988
1 2 .  B r o u g h t o n  P i p k i n  F,  Baker PN, Symonds EM: ACE i n h i b i t o r s  
i n  p r e g n a n c y .  L a n c e t  ( 2 )  96 ,  1989
13 .  Canaan JP,  G o l d s p i n k  DF: M a t e r n a l  d i a b e t e s  i n  r a t s  I I .  
E f e c t s  on f e t a l  g r o w t h  and p r o t e i n  t u r n o v e r .  D i a b e t e s  3 7 :  
1671 ,  1988
14 .  C a r r o l l  MJ, Young M: The r e l a t i o n s h i p  between p l a c e n t a l  
p r o t e i n  s y n t h e s i s  and t r a n s f e r  o f  a m i n o - a c i d s .  B io c h e m  J 
210 :  99 ,  1983
1 5 .  C a r t e r  BS, M o o r e s  MR, B a t t a g l i a  FC: P l a c e n t a l  and f e t a l  
m e t a b o l i s m  o f  a m i n o - a c i d s .  J N u t r  B ioc hem 2: 4,  1991
16 .  C a r v e r  TD, A n d e r s o n  SA, Q u i c k  AA, Teng CC, P i k e  AW, 
Fenne ssey  PV, Hay WW: L e u c i n e  m e t a b o l i s m  i n  c h r o n i c a l l y  
h y p o g l y c a e m i c  , h y p o i n s u l i n a e m i c  g r o w t h  r e s t r i c t e d  f e t a l  
sheep .  Paed Res p p .  44A, 1993
1 7 .  C e t i n  I ,  F e n n e s s e y  PV, Q u i c k  AN, M a r c o n i  AM, M e s c h i a  G, 
B a t t a g l i a  FC, S p a r k s  JW: G l y c i n e  t u r n o v e r  and o x i d a t i o n  
and h e p a t i c  s e r i n e  s y n t h e s i s  f r o m  g l y c i n e  i n  f e t a l  
l a m b s .  Am J P h y s i o l  260 :  E371,
18 .  C e t i n  I ,  F e n n e s s e y  PV, S p a r k s  JW, Me sch i a  G, B a t t a g l i a  
FC: F e t a l  s e r i n e  f l u x e s  a c r o s s  t h e  f e t a l  l i v e r ,  h i n d  l i m b  
and p l a c e n t a  i n  l a t e  g e s t a t i o n .  Am J P h y s i o l  263 :  E 7 8 6 ,
1992
1 9 / a  C e t i n  I ,  M a r c o n i  AM, B o z e t t i  0 ,  S e r i n i  LP, C o r b e t t a  C, 
P a r d i  G, B a t t a g l i a  F: U m b i l i c a l  a m i n o - a c i d  c o n c e n t r a t i o n s  
i n  a p p r o p r i a t e  and s m a l l  f o r  g e s t a t i o n a l  age i n f a n t s :  a 
b i o c h e m i c a l  d i f f e r e n c e  p r e s e n t  i n  u t e r o .  Am J O b s t e t  
G y r - e c o l  158 :  1 2 0 ,  1988
1 9 / b  I b i d :  U m b i l i c a l  a m i n o - a c i d  c o n c e n t r a t i o n s  i n  n o r m a l  and
g r o w t h - r e t a r d e d  f e t u s e s  s a m p l e d  i n  u t e r o  by 
c o r d o c e n t e s i s . Am J O b s t e t  and G y n a e c o l  162:  253 , 1990
2 0 .  C e t i n  I ,  M a r c o n i  AM, P a r d i  G: F e t a l  A m i n o - a c i d s .  I n :  
Dawes GS, B o r r u t o  F, Z a c u t t i  A,  Z a c u t t j  A J r  ( e d s  ) :  
F e t a l  Au tonomy and A d a p t a t i o n .  Jo h n  W i l e y  and Sons p p .  
123 ,  1990
2 1 .  Chan DK-C, H a r g r o v e  JL:  E f f e c t s  o f  D i e t a r y  P r o t e i n  on
Gene E x p r e s s i o n .  I n :  B e r d a n i e r  CD, H a rg ro v e  JL ( e d s  ) :
N u t r i t i o n  and Gene E x p e s s i o n .  CRC P r e s s ,  London,  pp. 3 5 3 ,
1993
M aternal-fetal nitrogen :75
2 2 .  C h ie n  PFW, W a t t  PW, T a y l o r  DJ,  R e n n i e  MJ : M e t h o d o l o g i c a l  
A p p ro a c h e s  t o  t h e  I n v e s t i g a t i o n  o f  F e t a l  A m i n o - a c i d  
M e t a b o l i s m  and P r o t e i n  T u r n o v e r  U s in g  L -C15NJ 
P h e n y l a l a n i n e  and L -C1-3CI ]  L e u c i n e .  I n :  S t a b l e  I s o t o p e s  
i n  P a e d i a t r i c  N u t r i t i o n a l  and M e t a b o l i c  R e s e a r c h .  
I n t e r c e p t  L t d .  A n d o v e r ,  UK. ch ap .  2 0 ,  p p . 199 ,  1990
2 3 / a  C h r i s t e n s e n  HN: Amino a c i d  n u t r i t i o n  a c r o s s  th e  p l a c e n t a .  
N u t r  Rev 50:  13,  1992
2 3 / b  I b i d :  T r a n s p l a c e n t a l  n u t r i e n t  t r a n s f e r  and i n t r a u t e r i n e
g r o w t h  r e t a r d a t i o n .  N u t r  Rev 50 :  5 6 ,  1992
2 4 .  Ch urch  MW: C h r o n i c  ' i n  u t e r o '  a l c o h o l  e x p o s u r e  a f f e c t s
a u d i t o r y  f u n c t i o n  i n  r a t s  and human.  A l c o h o l  4:  2 31 ,  1987
2 5 .  C la pp  J F : R e s t r i c t e d  Oxygen S u p p l y :  A Cause o f
I n t r a u t e r i n e  g r o w t h  R e t a r d a t i o n ?  I n : 0 x y g e n :  B a s i s  o f  t h e  
R e g u l a t i o n  o f  V i t a l  F u n c t i o n s  i n  t h e  F e t u s .  K u n z e l  W, 
K isc hbaum M ( e d s  ) S p r i n g e r  V e r l a g ,  B e r l i n ,  pp.  217 ,  1992
2 6 .  C o p e la nd  AO, P o r t e r f i e l d  SP: E f f e c t s  o f  s t r e p t o z o t o c i n  
i n d u c e d  d i a b e t e s  i n  p r e g n a n t  r a t s  on t r a n s p o r t  and t i s s u e  
u p t a k e  o f  ami n o - i s o b u t y r i c  a c i d .  Horm M e t a b o l  Res 19 :  57 ,  
1987
2 7 .  C o p e la nd  AO O n r , H e n d r i c h  CE, P o r t e r f i e l d  SP: 
D i s t r i b u t i o n  o f  f r e e  amino  a c i d s  i n  s t r e p t o z o t o c i n -  
i n d u c e d  d i a b e t i c  p r e g n a n t  r a t s ,  t h e i r  p l a c e n t a s  and 
f e t u s e s .  Horm M e t a b o l  Res 22:  6 5 ,  1990
2 8 .  Cremer 0 E , B ra u n  L ,  O l d e n d o r f  WH: Changes d u r i n g
d e v e l o p m e n t  i n  t r a n s p o r t  p r o c e s s e s  o f  t h e  b l o o d  b r a i n  
b a r r i e r .  B i o c h i m  B i o p h y s  A c ta  448 :  6 3 3 ,  1976
2 9 .  D a n o is  0:  The t r a n s f e r  o f  n u t r i e n t s  a c r o s s  th e  p e r f u s e d
human p l a c e n t a .  Adv i n  N u t r  Res 8:  1 ,  1990
3 0 .  de B e n o i s t  B, A b d u l r a z z a k  Y, B r o o k e  OG, H a l l i d a y  D,
M i l l w a r d  DJ:  The measurement  o f  w h o l e  body t u r n o v e r  i n
t h e  p r e t e r m  i n f a n t  w i t h  i n t r a g a s t r i c  i n f u s i o n  o f  L - C l -  
13C3 l e u c i n e  and s a m p l i n g  o f  u r i n a r y  l e u c i n e  p o o l .  C l i n  
Sei  66:  155 ,  1984
31 .  de B e n o i s t  B, J a c k s o n  АА, H a l l  J S E , Pe rs u a d  C: Whole body 
p r o t e i n  t u r n o v e r  i n  J a m a i c a n  women d u r i n g  n o r m a l  
p r e g n a n c y .  Hum N u t r  C l i n  N u t r  39C: 1 67 ,  1985
32 .  de Gasparo  M, M i l n e r  GR, N o r r i s  P, M i l n e r  RDG: E f f e c t  o f  
g l u c o s e  and a m i n o - a c i d s  on f e t a l  r a t  p a n c r e a t i c  g r o w t h  
and i n s u l i n  s e c r e t i o n  i n  v i t r o .  J E n d o c r i n o l  77 :  241 ,  
1978
176 M. Young
3 3 .  D ic k e  JM, H e n d e r s o n  G I :  P l a c e n t a l  a m i n o - a c i d  u p t a k e  i n  
no rm a l  and c o m p l i c a t e d  p r e g n a n c i e s .  Am J Med S e i  295 :  
223 ,  1988
3 4 .  Domenech M, G ru ppso  PA, N i s h i n o  VT, Susa JB,  S c h w a r t z  R: 
P r e s e r v e d  f e t a l  p l asma a m i n o - a c i d  c o n c e n t r a t i o n s  i n  t h e  
p r e s e n c e  o f  m a t e r n a l  h y p o a m i n o a c i demi a . P e d i a t r  Res 20:  
1071 ,1 986
3 5 .  Do ug la s  AJ ,  C l a r k e  EW, G o l d s p i n k  DF: I n f l u e n c e  o f
m e c h a n i c a l  s t r e t c h  on g r o w t h  and p r o t e i n  t u r n o v e r  o f  r a t  
u t e r u s .  Am J P h y s i o l  254 :  E543 ,  1988
3 6 .  Economides  DL, N i c o l a i d e s  KH, Gah l  WA, B e r n a r d i n i  I ,
Ewans M I :  P lasm a a m i n o - a c i d s  i n  a p p r o p r i a t e  and s m a l l  f o r  
g e s t a t i o n a l  age f e t u s e s .  Am J O b s t e t  G y n e c o l  1 6 1 :  1219 ,  
1989
3 7 .  Economides  D L , N i c o l a i d e s  KH, Gahl  WA, B e r n a r d i n i  I ,
Bo t t oms  S, E vans  M: C o rd o c e n te s i s  i n  t h e  d i a g n o s i s  o f  
i n t r a u t e r i n e  s t a r v a t i o n .  Am J O b s t e t  G y n e c o l  1 6 1 :  1004 ,  
1989
3 8 .  F a i c h n e y  GJ: A m i n o - A c i d  u t i l i z a t i o n  by t h e  f e t a l  l a mb .
Pro c  N u t r  Soc A u s t  6:  48,  1981
3 9 .  F a r r  KL,  M on t a n o  CY, P a x t o n  L L ,  Savage DD: P r e n a t a l  
e x p o s u r e  t o  e t h a n o l  d e c r e a s e s  h i p p o c a m p a l  H g l u t a m a t e  
b i n d i n g  i n  4 - 5  day  o l d  r a t s .  A l c o h o l  5:  125 ,  1988
4 0 / a  F i s h e r  SE, K a r l  P I :  M a t e r n a l  e t h a n o l  use and s e l e c t i v e  
f e t a l  m a l n u t r i t i o n .  Rec D e v e l  i n  A l c o h o l i s m  6 :  2 7 7 ,  1988
4 0 / b  I b i d :  H i s t i d i n e  t r a n s f e r  a c r o s s  t h e  human p l a c e n t a :
c h a r a c t e r i s t i c s  i n  t h e  i s o l a t e d  p e r f u s e d  human p l a c e n t a  
and th e  e f f e c t  o f  e t h a n o l .  P l a c e n t a  11:  157 ,  1990
4 1 .  Fowden A: The r o l e  o f  i n s u l i n  i n  p r e n a t a l  g r o w t h .  J Dev
P h y s i o l  12 :  1 73 ,  1989
4 2 .  Fowden A L , Mao XZ, C a m l i n e  RS: E f f e c t s  o f  p a n c r e a t e c t o m y  
on th e  g r o w t h  and m e t a b o l i t e  c o n c e n t r a t i o n s  o f  t h e  sheep 
f e t u s .  J Endoc 1 1 0 :  2 25 ,  1986
4 3 .  Fox H: The C o r r e l a t i o n  Be tween P l a c e n t a l  S t r u c t u r e  and
T r a n s f e r  F u n c t i o n .  I n :  C h a m b e r l a i n  GVP, W i l k i n s o n  AW
( e d s  ) P l a c e n t a l  T r a n s f e r .  P i t m a n  M e d i c a l ,  T u n b r i d g e  
W e l l s  p p . 15 ,  1979
4 4 .  F r e i n k e l  N, M e t z g e r  BE: P r e g n a n c y  as a T i s s u e  C u l t u r e
E x p e r i e n c e :  t h e  C r i t i c a l  I m p l i c a t i o n s  o f  M a t e r n a l
M e t a b o l i s m  f o r  F e t a l  D e v e l o p m e n t .  I n :  P r e g n a n c y
M e t a b o l i s m :  D i a b e t e s  and t h e  F e t u s .  C iba  Found Symp ( 6 3 )  
New S e r i e s .  E x c e r p t a  M e d i c a ,  O x f o r d  pp.  3,  1979
M aternal-feta l nitrogen 177
4 5 .  F r o e s c h  ER, G u l e r  HP, Schmi d  C, Zap f  J :  M e t a b o l i c  and
Growth  E f f e c t s  o f  I G F - 1 ,  I n  V i t r o  and I n  V i v o .  I n :
S iz o n e n k o  PC, A u b e r t  ML (e d s  ) D e v e l o p m e n t a l  
E n d o c r i n o l o g y .  Sero no  Sympos ium Raven P re ss  67 :  1 4 2 ,  1990
46 .  F r o e s c h  ER, G u l e r  HP, Schmid C, E r n s t  M, Z a p f :  I n s u l i n -
L i k e  G ro w th  F a c t o r s .  I n :  T r e n d s  i n  E n d o c r i n o l o g y  and
M e t a b o l i s m .  S p r i n g e r  V e r l a g ,  B e r l i n ,  Chap. 9:  1 5 4 ,  1990
4 7 .  G a r l i c k  P J ,  M c N u r l a n  MA, P re e d y  VR: A r a p i d  and
c o n v e n i e n t  t e c h n i q u e  f o r  m e a s u r i n g  th e  r a t e  o f  p r o t e i n  
s y n t h e s i s  i n  t i s s u e s  by i n j e c t i o n  o f  C3HJ p h e n y l a l a n i n e .  
B iochem J 1 9 2 :  719 ,  1980
4 8 .  G i l b e r t  M, S p a r k s  JW, B a t t a g l i a  FC: E f f e c t s  o f  f a s t i n g  on 
g l u c o s e  t u r n o v e r  r a t e  and m e t a b o l i t e  l e v e l s  i n  c o n s c i o u s  
g u i n e a - p i g s .  B i o l  N eona te  4 8 :  9 0 ,  1985
4 9 .  G i r a r d  J ,  F e r r e  P, P e g o r i e r  OP, Due PH: A d a p t a t i o n s  o f  
g l u c o s e  and f a t t y  a c i d  m e t a b o l i s m  d u r i n g  t h e  p e r i n a t a l  
p e r i o d  and i n  s u c k l i n g - w e a n i n g  t r a n s i t i o n .  P h y s i o l  Rev 
7 2 :  507 ,  1992
5 0 .  Gluckman PD, L i g g i n s  GC: R e g u l a t i o n  o f  F e t a l  G r o w t h .  I n :  
Beard  PW, N a t h a n l e l s z  PW ( e d s  ) F e t a l  P h y s i o l o g y  and 
M e d i c i n e .  B u t t e r w o r t h ,  London  2nd Ed. pp.  511 ,  1984
5 1 / a  G o l d s p i n к  D f : P re  and p o s t - n a t a l  g r o w t h  and p r o t e i n
t u r n o v e r  i n  t h e  l u n g  o f  t h e  r a t .  B iochem J 242 :  2 7 5 ,  1987
5 1 / b  I b i d :  P r o t e i n  t u r n e v e r  and  g r o w t h  o f  t h e  r a t  b r a i n  f r om
t h e  f e t u s  t o  e l d  age .  J Neurochem 50:  1364 ,  1988
52 .  G o l d s p i n k  D F , D o u g la s  AJ:  P r o t e i n  t u r n o v e r  i n  g r a v i d  and 
n o n g r a v i d  h o r n s  o f  u t e r u s  i n  p r e g n a n t  r a t s .  Am 3 P h y s i o l  
254 ,  E 5 4 9 , 1988
5 3 .  G o l d s p i n k  DF, K e l l y  FJ :  P r o t e i n  t u r n o v e r  and g r o w t h  i n  
t h e  w h o le  b o d y ,  l i v e r  and k i d n e y  o f  t h e  r a t  f r o m  t h e  
f e t u s  t o  s e n i l i t y .  B iochem J 2 17 :  507,  1984
5 4 .  G o l d s p i n k  DF, L e w is  SEM, K e l l y  F J : P r o t e i n  s y n t h e s i s  
d u r i n g  t h e  d e v e l o p m e n t a l  g r o w t h  o f  t h e  s m a l l  and l a r g e  
i n t e s t i n e  o f  t h e  r a t .  B ioc hem 3 217 ,  527 ,  1984
5 5 .  G o l d s p i n k  D F , Sheena EM, L e w i s  SEM, K e l l y  F J :  P r o t e i n  
t u r n o v e r  and  c a t h e p s i n  В a c t i v i t y  i n  s e v e r a l  i n d i v i d u a l  
t i s s u e s  o f  f e t a l  and s e n e s c e n t  r a t s .  Comp B io ch em P h y s i o l  
B2B: 8 49 ,  1985
5 6 .  Goodwin GW, G i b b o n y  W, P a x t o n  R, H a r r i s  RA, Lemons JA: 
A c t i v i t i e s  o f  b r a n c h e d  c h a i n  a m i n o - a c i d  a m i n o t r a n s f e r a s e  
and b r a c h e d  c h a i n  2 - o x o  a c i d  d e h y d r o g e n a s e  c o m p l e x  i n  
t i s s u e s  o f  m a t e r n a l  and f e t a l  sh e e p .  B iochem J 2 4 2 :  305,  
1987
178 M. Young
5 7 .  G o t t e s f e d l  Z ,  S i l v e r m a n  PB: D e v e l o p m e n t a l  d e l a y s  
a s s o c i a t e d  w i t h  p r e n a t a l  a l c o h o l  e x p o s u r e  a re  r e v e r s e d  by 
t h y r o i d  hormone t r e a t m e n t .  Neuro  Sei  L e t t  109:  42 ,  1990
5 8 .  Gresham EL, S im o n s  PS, B a t t a g l i a  FC: M a t e r n a l - f e t a l  u r e a  
c o n c e n t r a t i o n  d i f f e r e n c e s  i n  man: m e t a b o l i c  s i g n i f i c a n c e .  
J Ped 79:  8 09 ,  1971
5 9 .  H a r d i n g  JE,  Gwens JA, R o b i n s o n  JS:  Sh o u ld  we t r y  t o  
s u p p l e m e n t  t h e  g r o w t h  r e t a r d e d  f e t u s ?  A c a u t i o n a r y  t a l e .  
B r i t  J O b s t e t  G y n a e c o l  99:  707 ,  1992
6 0 .  Hayash i  S and Sanda К: I n :  Yong M, Boyd RDH, Longo  LD,
T e le g d y  G ( e d s  ) P l a c e n t a l  T r a n s f e r :  methods  and
i n t e r p r e t a t i o n s .  WB S a u n d e rs ,  P h i l a d e l p h i a  pp .  244 ,  1981
6 1 .  H e in z e  E, B r e n n e r  R, N g u y e n - T h i  Ch,  V e t t e r  U, L e u p o l l d  D,
Poh la n d  F:  S k e l e t a l  g r o w t h  i n  f e t a l  r a t s ;  e f f e c t s  o f
g l u c o s e  and a m i n o - a c i d s .  D i a b e t e s  3 5 :  2 22 ,  1985
6 2 .  H i l l  DJ,  Han VKM: P a r a c r i n o l o g y  o f  g r o w t h  r e g u l a t i o n .  J 
Dev P h y s i o l  15 :  9 1 ,  1991
6 3 .  H o e l t z l i  SD, K e l l y  LK, Мое A J ,  S m i t h  CA: A m i n o - a c i d  
t r a n s p o r t  s y s t e m s  i n  i s o l a t e d  b a s a l  membranes o f  human 
p l a c e n t a .  Am J P h y s i o l  259,  C47, 1990
6 4 .  Horn J ,  S t e r n  MDR, Young M, Noa kes  DE: The i n f l u e n c e  o f  
i n s u l i n  on p r o t e i n  s y n t h e s i s  r a t e  i n  f e t a l  t i s s u e s  ' i n  
u t e r o ’ . Res V e t  Se i  35:  35,  1993
6 5 .  I n c h i o a s t r o  S, B i o l o  G, B r u t t o m e s s o  D, Fongher  C, S a b a d i n  
L ,  C a r l  i n i  M, D une r  E, T ie n g o  A,  T e s s a r i  P: E f f e c t s  o f  
i n s u l i n  and a m i n o - a c i d  on l e u c i n e  and p h e n y l  a l a n i n e  
k i n e t i c s  i n  t y p e  I  d i a b e t e s .  Am J P h y s i o l  262:  E203,  1992
6 6 . J a c k s o n  AA: The g l y c i n e  s t o r y .  E u r o p  J C l i n  N u t r . 45 :  59 ,  
1990
6 7 .  Ja cks o n  AA, B r i m b l e  RF: M a l n u t r i t i o n  and A m i n o - a c i d  
M e t a b o l i s m .  I n :  S u s k i n d  RM and L e w i n t e r - S u s k i n d  L ( e d s  ) 
The M a l n o u r i s h e d  C h i l d .  N e s t l e  N u t r i t i o n  Workshop S e r i e s  
19 :  73,  1990
6 8 . Jo hnson  JD, Dunham T: P r o t e i n  t u r n o v e r  i n  t i s s u e s  o f  t h e  
f e t a l  r a t  a f t e r  p r o l o n g e d  m a t e r a i  m a l n u t r i t i o n .  Ped Res 
2 3 :  534,  1988
6 9 .  Jo hnson  J D , Dunham T, W o g e n r i c h  F J ,  G r e e n b e rg  RE,
L o f t f i e l d  RB, S k i p p e r  BJ: F e t a l  h y p e r i n s u l i n a e m i a  and
p r o t e i n  t u r n o v e r  i n  f e t a l  r a t  t i s s u e s .  D i a b e t e s  39 :  5 41 ,  
1990
M aternal-fetal nitrogen 179
70.  Johnson  JD, G r e e n b e r g  RE: P r o t e i n  t u r n o v e r  i n  r a t
p l a c e n t a :  e f f e c t s  o f  m a t e r n a l  f a s t i n g  and p r o t e i n
r e s t r i c t i o n .  P l a c e n t a  13:  141 ,  1992
71 .  J o y c e  J ,  Young M: A c o m p a r i s o n  o f  th e  e f f e c t  o f  a
r e d u c t i o n  i n  m a t e r n a l  b l o o d  f l o w  on t h e  p l a c e n t a l
t r a n s f e r  o f  g l u c o s e  and am in o-N  f r o m  mother  t o  f e t u s .  J 
P h y s i o l  239 :  5 P , 1974
72 . K a l k h o f f  RK, K a n d a r a k i  E, Mor row PG, M i t c h e l l  TH, K e l b e r
S, B o r k o w f  H I :  R e l a t i o n s h i p  b e t w e e n  b i r t h  w e i g h t  and
m a t e r n a l  p la s m a  a m i n o - a c i d  p r o f i l e s  i n  l e a n  and o b ese  
n o n d i a b e t i c  women and i n  t y p e  I  D i a b e t i c  p r e g n a n t  women. 
M e t a b o l i s m  3 7 :  2 3 4 ,  1988
73.  K e l l y  F J ,  F u s s e l l  J C , P o s t l e  TD: E f f e c t  o f  f o o d
r e s t r i c t i o n  on p u l m o n a r y  g r o w t h  p o t e n t i a l  and p r o t e i n  
t u r n o v e r  i n  p r e t e r m  g u i n e a  p i g s .  Am J P h y s i o l  262 :  E 240 ,  
1992
74 . L a f e b e r  HN: E x p e r i m e n t a l  g r o w t h  r e t a r d a t i o n  i n  t h e  g u i n e a  
p i g .  Ph D T h e s i s  R o t t e r d a m  p p . 1 7 5 ,  1981
75 . L e v i n  AA, P l a u t z  JT ,  di  S a n t ' A g n e s e ,  M i l l e r  RK: Cadmium:
P l a c e n t a l  M ech an is m s o f  F e t a l  T o x i c i t y .  I n :  M i l l e r  RK and 
T h i e d e  H ( e d s  ) P l a c e n t a :  R e c e p to rs ,  P a t h o l o g y  and
T o x i c o l o g y ,  S a u n d e r s  P h i l a d e l p h i a  p p . 3 0 3 ,  1981
76 .  L e w i s  SEM, K e l l y  FJ ,  G o l d s p i n k  DF : P r e -  and p o s t -  n a t a l  
g r o w t h  and p r o t e i n  t u r n o v e r  i n  sm o o t h  m u s c l e ,  h e a r t  and 
s l o w  and f a s t  t w i t c h  s k e l e t a l  m u s c l e s  o f  th e  r a t .  B io c h e m  
J 2 17 :  517,  1984
77.  L i  H-Q, G i l b e r t  M, Teng C, Jones  RO, M u r ra y  RD, B a t t a g l i a
FC: The u p t a k e  o f  a m i n o - a c i d s  and oxygen  a c r o s s  t h e
r a b b i t  u t e r u s  i n  n o rm a l  and p o s t - t e r m  p r e g n a n c i e s .  B i o l  
N e o n a t  58:  3 4 7 ,  1990
78.  L i  J ,  S a u n d e r s  JC, G i l m o u r  RS, S i l v e r  M, Fowden AL : The 
e f f e c t s  o f  c o r t i s o l  on t i s s u e  i n s u l i n  l i k e  g r o w t h  f a c t o r  
I I  ( IG F—I I )  mRNA e x p r e s s i o n  i n  f e t a l  sheep d u r i n g  l a t e  
g e s t a t i o n .  J P h y s i o l  ( i n  p r e s s )
79.  L i e c h t y  EA, K e l l y  J ,  Lemons JA :  E f f e c t  o f  f a s t i n g  on 
u t e r o - p l a c e n t a l  a m i n o - a c i d  m e t a b o l i s m  i n  t h e  p r e g n a n t  
s h e e p .  B i o l  n e o n a t a  60 :  207 ,  1991
8 0 / a  L i n g  PA, B i s t r i a n  BR, B l a c k t u r n  G L , I s t f a n  N: E f f e c t  o f  
f e t a l  g r o w t h  on m a t e r n a l  p r o t e i n  m e t a b o l i s m  i n  
p o s t a b s o r b a t i v e  r a t .  Am J P h y s i o l  2 52 :  E380, 1987
8 0 / b  I b i d :  E f f e c t  o f  c o n t i n u o u s  f e e d i n g  on m a t e r n a l  p r o t e i n
m e t a b o l i s m  and f e t a l  g r o w t h  i n  t h e  r a t .  Am J P h y s i o l  2 5 6 :  
E852 , 1989
180 M. Young
8 1 .  Loke YW, Wh y te  A ( e d s . ) :  B i o l o g y  o f  t h e  T r o p h o b l a s t .
E l s e v i e r ,  L ondon  pp.  706 ,  1983
8 2 .  Loy GL, Q u i c k  AN, Hay WW Onr Me sch ia  G, B a t t a g l i a  FC,
Fennessey  PV: F e t a l  d e a m i n a t i o n  and d e c a r b o x y l a t i o n  o f
l e u c i n e .  Am 0 P h y s i o l  259 :  E 4 9 2 ,  1990
8 3 .  MacMahon RA, F r a m p t o n  RJ, Y a r d l e y  RW: E f f e c t  on t h e  f e t u s  
o f  i n f u s i n g  a c o m m e r c i a l  a m i n o - a c i d  p r e p a r a t i o n  i n t o  a 
p r e g n a n t  s h e e p .  B i o l  N eona ta  5 7 :  2 31 ,  1990
8 4 .  McFadyen I R ,  Young M: P l a c e n t a l  t r a n s f e r  and f e t a l  u p t a k e  
o f  a m i n o - a c i d s  i n  t h e  p r e g n a n t  ewe.  J P e r i n a t  Med 2 :  1, 
1973
8 5 .  Ma lek  A, S age r  E,  A e g e r t e r  E,  S c h n e i d e r  H: M e t a b o l i s m  o f  
g l u t a m i c  a c i d  s t u d i e d  i n  t h e  d u a l l y  ' i n  v i t r o '  p e r f u s e d  
human p l a c e n t a l  c o t y l e d o n .  T rop hob la s t  R e s e a rc h  7 :  87,  
1993
8 6 . M a r c o n i  AM, B a t t a g l i a  FC, M e s c h i a  G, S p a r k s  0W: A
c o m p a r is o n  o f  am in o  a c i d  a r t e r i o v e n o u s  d i f f e r e n c e s  a c r o s s  
t h e  l i v e r  and p l a c e n t a  o f  t h e  f e t a l  l amb. Am J P h y s i o l  
257 :  E 90 9,  1989
8 7 .  M a y e l - A f s h a r  S,  G r i m b l e  RF: Changes  i n  p r o t e i n  t u r n o v e r  
d u r i n g  g e s t a t i o n  i n  t h e  f e t u s e s ,  p l a c e n t a s ,  l i v e r ,  
mu sc l e  and w h o l e  body o f  r a t s  g i v e n  a low p r o t e i n  d i e t .  
B i o c h i m  B i o p h y s  A c t a  756 :  1 8 2 ,  1983
8 8 . M e i e r  PR, P a t e r s o n  RG, Bonds DR, M e s c h i a  G, B a t t a g l i a  FC: 
Ra tes  o f  p r o t e i n  s y n t h e s i s  and t u r n o v e r  i n  f e t a l  l i f e .  Am 
J P h y s i o l  2 4 0 :  E320 ,  1981
8 9 .  Mepham ТВ: A m i n o - a c i d  u t i l i s a t i o n  by l a c t a t i n g  mammary
g l a n d .  J D a i r y  Res 65:  287,  1982
9 0 .  M i l l a w a y  DS, Redmer DA, K i r s c h  JD,  An tho ny  RV, R e y n o l d s
LP:  A n g i o g e n i c  a c t i v i t y  o f  m a t e r n a l  and f e t a l  t i s s u e s  o f
ewes t h r o u g h o u t  g e s t a t i o n .  3 R e p ró d  F é r t  86:  689 ,  1989
9 1 .  M i l l e y  RJ: P r o t e i n  s y n t h e s i s  d u r i n g  h y p o x i a  i n  f e t a l
la m b s .  Am 3 P h y s i o l  252 :  E519,  1987
9 2 .  M i l l i c a n  PE, V e r n o n  RG, P a i n  VM: P r o t e i n  m e t a b o l i s m  i n  
t h e  mouse d u r i n g  p r e g n a n c y  and l a c t a t i o n .  B iochem J 2 4 8 :  
2 5 1 ,  1987
9 3 / a  M i l n e r  RDG: E n d o c r i n e  C o n t r o l  o f  F e t a l  G r o w t h .  I n :
L i n d b l a d  BS ( e d s  ) P e r i n a t a l  N u t r i t i o n .  B r i s t o l  M y e r s  
N u t r i t i o n  Sympos ium Acad emic  P r e s s ,  London 6:  p p .  4 5 ,  
1988
M aternal-fetal nitrogen 181
93 / b I b i d :  Mechan i sms o f  o v e r g r o w t h .  I n :  F e t a l  G r o w t h .  S h a r p
F ,  F r a s e r  RB, M i l n e r  RDG (e d s  ) S p r i n g e r  V e r l a g ,  L ondon  
p p .  139 ,  1989
94 .  M o l l  V: P h y s i o l o g i c a l  a s p e c t s  o f  p l a c e n t a l  o n t o g e n y  and
p h y l o l o g y .  P l a c e n t a  6 :  141 , 1985
9 5 .  M o l t e n i  RA: P l a c e n t a l  Growth  and F e t a l / P l a c e n t a l  W e i g h t
R a t i o n s  T h ro ughou t  G e s t a t i o n :  T h e i r  R e l a t i o n s h i p  t o
P a t t e r n s  o f  F e t a l  G r o w t h .  I n :  Simmons MA ( e d . )  S e m i n a r s  
i n  P e r i n a t o l o g y  8 :  94 ,  1984
96 .  M o r t o n  AJ,  G o l d s p i n k  DF: Changes i n  p r o t e i n  t u r n o v e r  i n  
r a t  u t e r u s  d u r i n g  p r e g n a n c y .  Am J P h y s i o l  250 ,  E114 ,  1986
9 7 .  M y a t t  L ,  B re w e r  AS, Langdon  G, Brockman DE: N o v e r i  
E n d o t h e l i a l - d e r i v e d  v a s o a c t i v e  f a c t o r s  i n  t h e  human 
f e t a l - p l a c e n t a l  c i r c u l a t i o n .  T r o p h o b l a s t  Res 7 :  1 1 7 ,  
1930
9 8 .  N a i s m i t h  DJ,  Morgan BLG: The b i p h a s i c  n a t u r e  o f  p r o t e i n  
m e t a b o l i s m  d u r i n g  p r e g n a n c y  i n  t h e  r a t .  B r i t  J N u t r  3 6 :  
563 ,  1976
99 .  Noakes DE, Young M: The m e a s u r e m e n t  o f  f e t a l  t i s s u e
p r o t e i n  s y n t h e t i c  r a t e  i n  t h e  lamb ' i n  u t e r o ' .  Res V e t  
Sei  31 :  336 ,  1981
100 .  O ja  SS: S t u d i e s  on p r o t e i n  m e t a b o l i s m  i n  d e v e l o p i n g  r a t
b r a i n .  Ann Acad S e i  Fenn (Med)  1 3 1 :  7 ,  1967
101 .  Ogata  ES, P a u l  R I ,  F i n l e y  SL :  L i m i t e d  m a t e r n a l  f u e l
a v a i l a b i l i t y  due t o  h y p e r i n s u l i n a e m i a  r e t a r d s  f e t a l  
g r o w t h  and d e v e l o p m e n t  i n  t h e  r a t .  Ped Res 22:  4 3 2 ,  1987
102 .  Owens JA: E n d o c r i n e  and s u b s t r a t e  c o n t r o l  o f  f e t a l
g r o w t h .  Repró d  F é r t  Dev 3: 5 0 1 ,  1992
103 .  Owens JA,  Owens PC, R o b i n s o n  JS:  E x p e r i m e n t a l  G r o w t h  
R e t a r d a t i o n .  I n :  Gluckman PD, J o h n s t o n  BM, N a t h a n i e l s z  P 
( e d s . )  Advances  i n  F e t a l  P h y s i o l o g y .  P e r i n a t a l  P r e s s .  
I t h i c a  NY, pp .  263 ,  1988
104 .  Расу PJ,  Ga r r ow  JS,  Fo rd  GC, M e r r i t t  H, H a l l i d a y  D: The 
i n f l u e n c e  o f  a m i n o - a c i d  a d m i n i s t r a t i o n  on w h o l e  body 
p r o t e i n  l e u c i n e  k i n e t i c s  and r e s t i n g  m e t a b o l i c  r a t e  i n  
p o s t a b s o r b a t i v e  n o r m a l  s u b j e c t s .  C l i n  Sei  75:  2 2 5 ,  1988
105 .  P e de rs on  J :  ( e d . )  The P r e g n a n t  D i a b e t i c  and Her N ew b o rn .  
2nd e dn .  W i l l i a m s  and W i l k i n s ,  B a l t i m o r e  p p . 1 06 ,  1977
106 .  P e e t e r s  L L H , S p a rk s  JW, G r u t t e r s  G, G i r a r d  J ,  B a t t a g l i a
FC: O t e r o - p l a c e n t a l  b l o o d  f l o w  d u r i n g  p r e g n a n c y  i n
c h r o n i c a l l y  c a t h e  te r i se d  g u i n e a  p igs -  P e d i a t  Res 1 6 :  716 ,  
1982
182 M. Young
1 0 7 .  Pencharz  PB, Masson M, D e s g r a n g e s  F,  P a p a g e o r g i o u  A: 
T o t a l  body  t u r n o v e r  i n  human p r e m a t u r e  n e o n a t e s :  e f f e c t s  
o f  b i r t h w e i g h t ,  : n t r a - u t e r i n e  n u t r i t i o n a l  s t a t u s  and 
d i e t .  C l i n  S e i  61 :  207 ,  1981
1 0 8 .  Pe rss on  B,  P s c h e r a  H, L u n e l l  N0, B a r l e y  J ,  Gumaa К A : 
A m i n o - a c i d  c o n c e n t r a t i o n s  i n  m a t e r n a l  p lasma and a m n i o t i c  
f l u i d  i n  r e l a t i o n  t o  f e t a l  i n s u l i n  s e c r e t i o n  d u r i n g  t h e  
l a s t  t r i m e s t e r  o f  p r e g n a n c y  i n  g e s t a t i o n a l  and t y p e  I  
d i a b e t i c  women and women w i t h  s m a l l  f o r  g e s t a t i o n a l  age 
i n f a n t s .  Am J P e r i n a t  3:  98 ,  1986
1 0 9 .  Persuad  C, M c D e rm o t t  Л, de B e n o i s t  В, J a c k s o n  AA: The
e x c r e t i o n  o f  5 - o x o p r o l i n e  i n  u r i n e ,  as an i n d e x  o f
g l y c i n e  s t a t u s ,  d u r i n g  n o r m a l  p r e g n a n c y .  B r i t  J O b s t e t  
Gynaeco l  9 6 ,  4 4 0 ,  1989
1 1 0 .  P h i l i p p s  A F , R o s e n k ra n z  TS, Lemons JA, Know I ,  P o r t e  PJ,
Raye JR: I n s u l i n - i n d u c e d  a l t e r a t i o n s  i n  amino  a c i d
m e t a b o l i s m  i n  t h e  f e t a l  l a mb .  J Dev P h y s i o l  13:  2 5 1 ,  1990
1 1 1 .  P l a c e n t a :  V t h .  M e e t i n g  o f  E u r o p e a n  P l a c e n t a l  G r o u p .  14:
A1-84 , 1993
1 1 2 .  Por tman 0W, N e u r i n g e r  M, A l e x a n d e r  M: E f f e c t s  o f  m a t e r n a l  
and l o n g - t e r m  p o s t n a t a l  m a l n u t r i t i o n  on b r a i n  s i z e  and 
c o m p o s i t i o n  i n  r h e s u s  monkeys .  J N u t r  117:  1844 ,  1987
1 1 3 .  Po tau  N, R i u d o r  E, B a l l i b r i g a  A: I n s u l i n  r e c e p t o r s  i n
human p l a c e n t a  i n  r e l a t i o n  t o  f e t a l  w e i g h t  and
g e s t a t i o n a l  a g e .  P e d i a t r  Res 1 5 :  798 , 1981
1 1 4 .  Rawat AK: E f f e c t  o f  m a t e r n a l  e t h a n o l  c o n s u m p t i o n  on
f o e t a l  and n e o n a t a l  r a t  h e p a t i c  p r o t e i n  s y n t h e s i s .  
B iochem J 160 :  6 5 3 ,  1976
1 1 5 .  Ro b in son  ICAF,  C l a r k e  RG: The S e c r e t o r y  P a t t e r n  o f  GH and 
I t s  S i g n i f i c a n c e  f o r  Growth  i n  t h e  R a t .  I n :  I s a k s s o n  0,  
e t  a l . (eds  ) G r o w t h  Hormone -  B a s i c  and C l i n i c a l  A s p e c t s .  
E l s e v i e r  S c i e n c e  P u b l i s h e r s ,  p p . 1 0 9 ,  1987
1 1 6 .  Rush D: E f f e c t s  o f  Changes i n  P r o t e i n  and C a l o r i e  I n t a k e  
D u r i n g  P r e g n a n c y  on t h e  G r o w t h  o f  t h e  Human F e t u s .  I n :  
C ha lm e rs  I ,  E n k i n  M, K e i r s e  MJNC ( e d s  ) E f f e c t i v e  C are  i n  
P re gnancy  and C h i l d b i r t h .  O x f o r d  U n i v e r s i t y  P r e s s ,  O x f o r d  
p p .  255,  1989
1 1 7 .  S a ra  VR, H a l l  K:  I n s u l i n  l i k e  g r o w t h  f a c t o r s  and t h e i r  
b i n d i n g  p r o t e i n s .  P h y s i o l  Rev 7 0 :  5 9 1 ,  1990
1 1 8 .  S h a e f e r  A, P i q u a r d  F,  D e l l e n b a c h  P, Haberey P: P l a c e n t a -  
f e t a l  a l a n i n e - l a c t a t e  c y c l e  i n  t h e  human d u r i n g  l a t e  
g e s t a t i o n .  T r o p h o b l a s t  Res 7: 1 0 3 ,  1993
M aternal-fetal nitrogen 183
119.  S c h a e f e r  A L , K r i s t n a m u r t i  CR: Who le  body and t i s s u e
f r a c t i o n a l  p r o t e i n  s y n t h e s i s  i n  t h e  o v i n e  f e t u s  ' i n  
u t e r o ' . Br J N u t r  52:  359 ,  1984
120 .  Seyoum GG, P e r s u a d  TV: Can m e t h i o n i n e  and z i n c  p r e v e n t  
t h e  e m b r y o p a t h i e  e f f e c t s  o f  a l c o h o l ?  M e d - H y p o t h e s e s . 34:  
153 ,  1991
121 .  S i b l e y  CP, Boyd RDH: Mechan isms o f  t r a n s f e r  a c r o s s  t h e  
human p l a c e n t a .  I n :  P o l i n  RA and Fox WW (e ds  ) .  F e t a l  and 
N e o n a t a l  P h y s i o l o g y .  WB S a u n d e r s ,  London V o l . I :  p p .  62 ,  
1992
122 .  Smeaton TC, Owens JA,  K in d  KL, R o b i n s o n  JS: The p l a c e n t a  
r e l e a s e s  b r a n c h e d  c h a i n  ke.fo a c i d s  i n t o  t h e  u m b i l i c a l  
and u t e r i n e  c i r c u l a t i o n s  i n  t h e  p r e g n a n t  s h e e p .  J Dev 
P h y s i o l  12:  9 5 ,  1989
123 .  Snoeck A, R e m a d e  C, Reusens,  H oe t  J J :  E f f e c t  o f  a low  
p r o t e i n  p i e t  d u r i n g  p r e g n a n c y  on t h e  f e t a l  r a t  
e n d o c r i n e  p a n c r e a s .  B i o l  N eona t e  5 7 :  107 ,  1990
124.  S o l t é s z  G y . ,  F i a r r i s  D, M a c k e n z i e  I Z ,  A y n s l e y - G r e e n  A:
The m e t a b o l i c  and e n d o c r i n e  m i l i e u  o f  th e  human f e t u s  and 
m o t h e r  a t  1 8 - 2 1  weeks g e s t a t i o n :  Plasma a m i n o - a c i d
c o n c e n t r a t i o n s .  Ped Res 19:  91 ,  1985
125 . S o l t é s z  G y . ,  S c h u l t z  K, M e s t y a n  J ,  H o r v a t h  I :  B lo o d  
g l u c o s e  and p l asma  a m i n o - a c i d  c o n c e n t r a t i o n s  i n  i n f a n t s  
o f  d i a b e t i c  m o t h e r s .  P a e d i a t r i c s  6 1 :  77 ,  1978
126 . S t e r n  CMM ( e d . ) :  Im mu no lo gy  o f  P reg nancy  and I t s
D i s o r d e r s .  K l u w e r  P r e s s ,  L a n c a s t e r  p p .  222 ,  1989
127 .  S t u l c  J :  I s  t h e r e  c o n t r o l  o f  s o l u t e  t r a n s p o r t  a t  t h e
p l a c e n t a l  l e v e l ?  P l a c e n t a  9:  1 9 ,  1988
128 . Susa JB,  M cC orm ic k  KL, W i d n e s s  JA,  Singer DB, Oh W,
Adamson K, S c h w a r t z  R: C h r o n i c  h y p e r i n s u l i n a e m i a  i n  t h e  
f e t a l  r h e s u s  monkey :  e f f e c t s  on f e t a l  g rowth and
c o m p o s i t i o n .  D i a b e t e s  28:  1058 ,  1979
129 . S z e t o  HH: P h a r m a c o k i n e t i c  S t u d i e s  i n  E x p e r i m e n t a l
A n i m a l s .  I n :  R e y n o ld s  F ( e d . )  E f f e c t s  on t h e  Baby o f
M a t e r n a l  A n a l g e s i a  and A n a e s t h e s i a  . Saun de rs  WB, London 
pp .  2 9 ,  1993
130 . Tawa NE, G o l d b e r g  AL: S u p p r e s s i o n  o f  mu sc le  a m i n o - a c i d  
d e g r a d a t i o n  by d i e t a r y  p r o t e i n  d e f i c i e n c y .  Am J P h y s i o l  
263 :  E 3 1 7 7 , 1992
131 . Ihom pson  GN, H a l l i d a y  DH: P r o t e i n  t u r n o v e r  i n  p r e g n a n c y  
Eur J C l i n  N u t r  46 :  411 ,  1992
184 M. Young
1 3 2 .  van Veen L C P , Teng C, Hay J r .  WW, Me sch ia  G, B a t t a g l i a
FC: L e u c i n e  d i s p o s a l  and o x i d a t i o n  r a t e s  i n  t h e  f e t a l
lamb.  M e t a b o l i s m  36 :  48,  1987
1 3 3 .  W a te r lo w  JC, S t e p h e n  3ML: The m easu re me nt  o f  t o t a l  l y s i n e  
t u r n o v e r  i n  t h e  r a t  by t h e  i n t r a v e n o u s  i n f u s i o n  o f  L-U 
14C l y s i n e .  C l i n  Sei  33:  489 ,  1967
1 3 4 .  W a te r lo w  J C , G a r l i c k  PJ,  M i l l w a r d  DJ (e ds  ) :  P r o t e i n  
T u rn o v e r  i n  t h e  T i s s u e s  i n  t h e  Whole Body.  N o r t h  H o l l a n d  
P u b l i s h i n g  Co,  Amste rdam p p . 4 1 0 ,  1978
1 3 5 .  Webb W, S a m a r a w i c k r ama GP: P l a c e n t a l  t r a n s p o r t  and
e m b r y o n ic  u t i l i z a t i o n  o f  e s s e n t i a l  m e t a b o l i t e s  i n  t h e  r a t  
a t  t h e  t e r a t o g e n i c  dose o f  cadmium.  J App l  Tox 1 :  270 ,  
1981
1 3 6 .  W i l l o m m e t  L ,  S c h u t z  Y, W h i t e h e a d  R, J e q u i e r  E, F e r n  EB:
Whole body  p r o t e i n  m e t a b o l i s m  and r e s t i n g  e n e r g y
e x p e n d i t u r e  i n  p r e g n a n t  Gambian women. Am J P h y s i o l  263 :  
E624 , 1992
1 3 7 .  W u n d e r l i c h  SM, B a l i g a  BS, Munro HM: Rat  p l a c e n t a l  p r o t e i n
s y n t h e s i s  and p e p t i d e  hormone s e c r e t i o n  i n  r e l a t i o n  t o  
m a l n u t r i t i o n  f r o m  p r o t e i n  d e f i c i e n c y  o r  a l c o h o l
a d m i n i s t r a t i o n .  J N u t r  109:  1 5 3 4 ,  1979
1 3 8 / a  Young M: A m i n o - a c i d  U p ta ke  by t h e  F e t u s .  I n :  T r a n s f e r
A cr o ss  t h e  P r i m a t e  and N o n p r r i m a t e  P l a c e n t a .  W a l l e n b e r g  
HSC, van « r e e l  BK, van Dyke JP ( e d s  ) S a u n d e r s  WB, 
London .  P l a c e n t a  s u p p l  1. pp .  1 2 5 ,  1981
1 3 8 / b  I b i d :  P r o t e i n  t u r n o v e r  r a t e  i n  e a r l y  l i f e .  A c ta  P a e d i a t r
Acad Se i  Hung 2 3 :  99 ,  1982
1 3 8 / c  I b i d :  The H a n d l i n g  o f  A m i n o - a c i d s  by t h e  F e t o p l a c e n t a l
U n i t .  I n :  L i n d b l a d ,  В ( e d . ) ,  P e r i n a t a l  N u t r i t i o n .
Academic P r e s s ,  London  p p . 25 ,  1988
1 3 8 / d  I b i d :  The N a t u r e  o f  t h e  F e t o - m a t e r n a l  R e l a t i o n s h i p .  I n :
S t e r n  CMM ( e d . ) .  Immun o lo gy  o f  P re gnancy  and i t s
D i s o r d e r s .  K l u w e r  Ac a d e m ic ,  L a n c a s t e r ,  pp.  1,  1989
1 3 9 .  Young M, Boyd RDH, Longo L ,  T e l e g d y  G (e ds  ) :  P l a c e n t a l  
t r a n s f e r :  m e t h o d s  and i n t e r p r e t a t i o n s .  WB S a u n d e r s ,  1 9 8 1 ,  
pp .  250 ,  1981
1 4 0 .  Young M, H a l l i d a y  D: T r a n s f e r  o f  endogenous  n i t r o g e n  f r o m  
m a t e r n a l  body  p r o t e i n  t o  t h a t  o f  t h e  f e t u s  d u r i n g  
g r o w t h :  t h e  i n f l u e n c e  o f  m a t e r n a l  f o o d  r e s t r i c t i o n  i n  t h e  
r a t .  XXX l l n d  I n t e r n a t  C o n g r e s s  P h y s i o l  S e i .  2 1 4 .  32P,  
1993
M aternal-fetal nitrogen 185
141. Young M, P r e n t o n  MA: U m b i l i c a l  v e i n - a r t e r y  and u t e r i n e  
a r t e r i o - v e n o u s  p la s m a  a a m i n o - a c i d  d i f f e r e n c e s  i n  t h e  
human s u b j e c t .  J O b s t e t  Gynaec B r i t  C w l t h  76:  404 ,  1969
142 .  Young M , S o l t é s z  Gy,  Noakes 0 ,  J o y c e  Л, McFadyen I R ,  L e w i s
BV: The i n f l u e n c e  o f  i n t r a - u t e r i n e  s u r g e r y  and o f  f e t a l
i n t r a v e n o u s  n u t r i t i o n a l  s u p p l e m e n t s  ' i n  u t e r o '  on p la s m a  
f r e e  a m i n o - a c i d  h o m e o s t a s i s  i n  t h e  p r e g n a n t  ewe.  J 
P e r i n a t  Med 3 :  1 8 0 ,  1975
143 .  Young M, S t e r n  MDR, Horn  J ,  Noakes DE: P r o t e i n  s y n t h e t i c  
r a t e  i n  t h e  sheep  l a c e n t a  ' i n  v i v o ' :  t h e  i n f l u e n c e  o f  
i n s u l i n .  P l a c e n t a  3:  159,  1982
144.  Young VR, S t e f f e e  WP, P e n c h a r d z  PB, W i n t e r e r  JC,
Sc r ims haw  NS: T o t a l  human body  p r o t e i n  s y n t h e s i s  i n
r e l a t i o n  t o  p r o t e i n  r e q u i r e m e n t s  a t  v a r i o u s  ag e s .  N a t u r e  
(L o n d o n )  2 5 3 :  1 9 2 ,  1975
145 .  Y u d e l e v i c h  OL, S w e i r y  JH: T r a n s p o r t  o f  a m i n o - a c i d s  i n  
t h e  p l a c e n t  B i o c h i m  A c t a  822 :  1 6 9 ,  1985
146 .  Z i c k e r  SC, R o g e r s  QR: C o n c e n t r a t i o n s  o f  a m i n o - a c i d s  i n  
t h e  p lasma and w h o le  b l o o d  o f  h e a l t h y  n e o n a t a l  f o a l s  f r o m  
b i r t h  t o  two  d a y s  o f  age .  Eq V e t  J 1993 ( i n  p r e s s )
M. YOUNG, MD
T o f t ,  Ca mbr idge

Acta Paed ia t r i cs  Hungarica 33 (3 - 4 ) ,  pp 187-201 (1993)
PROSTAGLANDIN Ex THERAPY OF NEWBORNS WITH GROUP В 
BETA-HEMOLYTIC STREPTOCOCCI-INDUCED PULMONARY HYPERTENSION
T. MACHAY, A. N OB IL IS ,  J .  HAJDÚ, ZS. SOMOGYVÄRI, Z. PAPP
I .  D e p a r t m e n t  o f  O b s t e t r i c s  and G y n a e c o l o g y ,  Semmelwe is  
U n i v e r s i t y  M e d i c a l  S c h o o l ,  B u d a p e s t ,  Hungary
R e c e iv e d  5 O c t o b e r  1993
Four  new bor ns  w i t h  g r o u p  В b e t a - h e m o l y t i c  
s t r e p t o c o c c i  ( G B S ) - i n d u c e d  p u l m o n a r y  h y p e r t e n s i o n  and 
h y p oxe m ia  were t r e a t e d  w i t h  h y p e r v e n t i l a t i o n  and 
T o l a z o l i n e  w i t h o u t  s i g n i f i c a n t  i m p r o v e m e n t  i n  
o x y g e n a t i o n .  The p a t i e n t s  were  d i v i d e d  i n t o  two  
r a n d o m i z e d  g r o u p s  t h e r e a f t e r :  one t o  r e c e i v e  an 
i n f u s i o n  o f  P r o s t a g l a n d i n  Ei (PGE1) and t h e  o t h e r  t o  
r e c e i v e  T o l a z o l i n e  ( c o n t r o l s ) .  P a t i e n t s  t r e a t e d  w i t h  
PGE^ ( n = 2 ) showed s i g n i f i c a n t  i m p r o v e m e n t  i n  
o x y g e n a t i o n .  The a r t e r i a l - a l v e o l a r  oxygen  r a t i o  ( a / A )  
i n c r e a s e d  f r o m  0 . 0 4 7  ( j + 0 . 0 0 3 )  t o  0 .0 9 1  ( ^ 0 . 0 3 )  
( p < 0 . 0 0 1 ) ;  t h e  o x y g e n a t i o n  i n d e x  ( 0 1 ) ,  i n c o r p o r a t i n g  
mean a i r w a y  p r e s s u r e  (MAP) as w e l l  as oxygen v a r i a b l e s  
i m p r o v e d  s i g n i f i c a n t l y  f r o m  5 6 . 6  ( + 0 . 5 5 )  t o  3 6 . 4  
( j + 1 5 . 6 )  ( p < 0 . 0 0 1 )  30 m i n u t e s  a f t e r  t h e  s t a r t  o f  t h e  
PGEj i n f u s i o n .  T h i s  i m p r o v e m e n t  was m a i n t a i n e d  i n  t h e s e  
p a t i e n t s  f o r  t h e  w h o le  t i m e  o f  PGEi i n f u s i o n  and 
t h e r e a f t e r .  The c o n t r o l s  ( n = 2 )  d i d  n o t  snow i m p r o v e m e n t  
i n  o x y g e n a t i o n .  O n ly  t h e  two  newb orn s  t h a t  r e c e i v e d  
PGE} t h e r a p y  s u r v i v e d  o u t  o f  t h e  f o u r .  No s y s t e m i c  
h y p o t e n s i o n  was o b s e r v e d  d u r i n g  t h e  PGE^ i n f u s i o n .  
These f i n d i n g s  s u g g e s t  t h a t  PGE  ^ i n f u s i o n  may p r o v i d e  
t h e r a p e u t i c  b e n e f i t s  f o r  new b o r n s  w i t h  p e r s i s t e n t  
p u l m o n a r y  h y p e r t e n s i o n  (PPHN) once  h y p e r v e n t i l a t i o n  and 
T o l a z o l i n e  t r e a t m e n t  were i n e f f e c t i v e .
INTRODUCTION
A l t h o u g h
e x t r a c o r p o r e a l
h y p e r v e n t i l a t i o n ,  T o l a z o l i n e  t h e r a p y  and 
membrane o x y g e n a t i o n  i m p r o v e d  t h e  c l i n i c a l
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outc om e o f  n e w b o r n s  w i t h  p e r s i s t e n t  p u l m o n a r y  h y p e r t e n s i o n  o f  
new bor n  (PPHN) ,  m o r t a l i t y  i s  s t i l l  s i g n i f i c a n t .
The p h a r m a c o l o g i c a l  p u l m o n a r y  v a s o d i l a t o r  t h e r a p y  has n o t  
p r o v e d  t o  be a c o n s i s t e n t l y  e f f e c t i v e  t r e a t m e n t  f o r  t h e  
new b o r n s  w i t h  PPHN. T h i s  i s  p e r h a p s  due t o  t h e  f a c t  t h a t  d r u g  
i n t e r v e n t i o n  -  g i v e n  t h e  l a c k  o f  s e l e c t i v e  p u l m o n a r y  
v a s o d i l a t o r s  -  has  been l i m i t e d  t o  t h e  use o f  n o n s e l e c t i v e  
v a s o d i l a t o r s .
Some c l i n i c a l  s t u d i e s  e v i d e n c e d  P r o s t a g l a n d i n  ( P G E ^ ) -  
i n d u c e d  i m p r o v e m e n t  i n  o x y g e n a t i o n  i n  human p u l m o n a r y  
h y p e r t e n s i o n  o f  a d u l t s ,  and a p r o m i s i n g  e x p e r i m e n t a l  w o rk  
d o c u m e n t e d ,  t h a t  PGE^ r e d u c e d  s e l e c t i v e l y  t h e  g r o u p s  В b e t a -  
h e m o l y t i c  s t r e p t o c o c c i  ( G B S ) - i n d u c e d  p u l m o n a r y  h y p e r t e n s i o n  o f  
ne w b o r n  p i g l e t s  / 7 , 9 / .
Our s t u d y  was u n d e r t a k e n ,  t h e r e f o r e ,  t o  t e s t  t h a t  GBS- 
i n d u c e d  PPHN w i l l  re s p o n d  t o  t h e  i n f u s i o n  o f  PGE^ w i t h  
p r o l o n g e d  i m p r o v e m e n t  i n  o x y g e n a t i o n  and w i t h  b e t t e r  c l i n i c a l  
o u t c o m e .
PATIENTS
E l i g i b i l i t y
T h i s  s t u d y  was a p p r o v e d  by t h e  l o c a l  C omm i t t ee  o f  E t h i c s  a t  
t h e  F i r s t  D e p a r t m e n t  o f  O b s t e t r i c s  and G y n e c o l o g y ,  Semmelwe is  
M e d i c a l  S c h o o l  B u d a p e s t ,  Hung ary  and p a t i e n t s  were e n r o l l e d  
a f t e r  i n f o r m e d  c o n s e n t  was o b t a i n e d .
C r i t e r i a  f o r  e n r o l m e n t  were as f o l l o w s :
-  D i a g n o s i s  o f  Group В b e t a - h e m o l y t i c  s t r e p t o c o c c a l  
p n e u m o n ia  and s e p s i s ;
-  GBS i n d u c e d  p u l m o n a r y  h y p e r t e n s i o n ;
-  F r a c t i o n  o f  i n s p i r e d  oxygen  ( F i □ 2 ) : 1 . 0 ;
-  Mean a i r w a y  p r e s s u r e  (MAP) > 15 cm H2O;
-  The a r t e r i a l  POo < 40 mmHg i n  s p i t e  o f  h y p e r v e n t i l a t i o n  
( 1 0 0 - 1 5 0 / m i n ) ;
-  P e r s i s t e n t  h y p o x i a  (PaÛ2 < 40 mmHg) a f t e r  T o l a z o l i n e
a d m i n i s t r a t i o n  (2  m g / k g  i n  b o l u s  i . v . ) .
A l l  5 p a t i e n t s  e l i g i b l e  i n  o u r  n u r s e r y  d u r i n g  a 1 0 - m o n t h  
p e r i o d ,  f r om  May 1 ,  19 9 0 ,  t o  March 1991 w ere  i n i t i a l l y  i n c l u d e d  
i n  t h e  s t u d y .  One o f  t h e s e  p a t i e n t s  was l a t e r  fo u n d  t o  have  
s e v e r e  E . C o l i  s e p s i s  on t h e  b a s i s  o f  b a c t e r i a l  c u l t u r e s  o f  
t r a c h e a l  a s p i r a t e  and was e x c l u d e d  f r o m  t h e  f i n a l  a n a l y s i s .
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P r o t o c o l  f o r  P r o s t a g l a n d i n - E i A d m i n i s t r a t i o n
Upon a d m i s s i o n ,  an u m b i l i c a l  a r t e r y  c a t h e t e r  ( 5 .  F r e n c h  
A r g y l e )  was p l a c e d  i n  t h e  d e s c e n d i n g  a o r t a  o f  a l l  t h e  i n f a n t s .  
The t i p  o f  t h e  c a t h e t e r  was p l a c e d  b e tw e e n  t h e  s i x t h  and t e n t h  
t h o r a c i c  v e r t e b r a e .  B l o o d  sa m p le s  f o r  a r t e r i a l  b l o o d  gas 
m e a s u r e m e n ts  were o b t a i n e d  o n l y  f r o m  t h e s e  c a t h e t e r s  i n t o  
h e p a r i n i z e d  s y r i n g e s  and a n a l y z e d  w i t h i n  3 m i n u t e s  f o r  pH and 
b l o o d  g a s e s  u s i n g  r o u t i n e  l a b o r a t o r y  ( R a d i o m e t e r  ABL 3 3 0 )  
m e t h o d s .
2-D e c h o c a d i o g r a p h y  was used  t o  d i a g n o s e  p u l m o n a r y  
h y p e r t e n s i o n  and t o  e x c l u d e  c y a n o t i c  c o n g e n i t a l  h e a r t  d i s e a s e s .
A f t e r  c o n f i r m i n g  s e v e r e  GBS s e p s i s - i n d u c e d  p u l m o n a r y  
h y p e r t e n s i o n  ( " p e r s i s t e n t  f e t a l  c i r c u l a t i o n " ) ,  h y p e r v e n t i l a t i o n  
was s t a r t e d .  A l l  i n f a n t s  were  v e n t i l a t e d  w i t h  BP-2001  
r e s p i r a t o r ,  d e l i v e r i n g  2 - 3  cmHO^ p o s i t i v e  e n d - e x p i r a t o r y  
p r e s s u r e  and MAP was 1 6 - 1 9  cmHO?• F1O2 was 1 .0  and v e n t i l a t o r y  
r a t e  1 0 0 - 1 5 0 / m i n u t e s . I f  t h e  a r t e r i a l  PO2 d u r i n g  t h e  
h y p e r v e n t i l a t i o n  r e m a i n e d  b e lo w  40 mmHg or  d ro pped  b e l o w  t h i s  
v a l u e  a g a i n  a f t e r  a s h o r t  i m p r o v e m e n t ,  we i n t r o d u c e d  T o l a z o l i n e  
t r e a t m e n t :  2 mg/kg was g i v e n  i n t r a v e n o u s l y ,  i n f u s e d  o v e r  5 
m i n u t e s  i n  a s c a l p  v e i n ,  and a r t e r i a l  b l o o d  gas l e v e l s  were  
d e t e r m i n e d  a f t e r  10 m i n u t e s .  I f  t h e r e  was no s i g n i f i c a n t  
i m p r o v e m e n t  i n  o x y g e n a t i o n  (a r o s e  i n  PaO^ 10 mmHg o r  g r e a t e r )  
t h e  p a t i e n t s  were d i v i d e d  i n t o  two  r a n d o n u z e d ,  c o n t r o l  g r o u p s :  
one t o  r e c e i v e  an i n f u s i o n  o f  PGE^( P r o s t i n  , Up john  C o m p a n y ) ,  
s t a r t e d  a t  a r a t e  0 . 0 3  yug /  kg /min.  (PGEi t r e a t e d )  and 
t h e  o t h e r  t o  r e c e i v e  T o l a z o l i n e  ( C o n t r o l s )  a t  a r a t e  2 
m g / k g / h .
20 m i n u t e s  b e f o r e  t h e  T o l a z o l i n e  t r e a t m e n t  D opamine  
i n f u s i o n  was s t a r t e d  a t  a r a t e  8 y u g / k g / m i n  w h ic h  was c o n t i n u e d  
d u r i n g  t h e  wh o le  t i m e  o f  PGE^ a n d / o r  T o l a z o l i n e  t h e r a p y .
A f t e r  i n t r o d u c i n g  P G E j  o r  T o l a z o l i n e  i n f u s i o n s ,  a r t e r i a l  
b l o o d  gas  l e v e l s  w ere  d e t e r m i n e d  a t  30 and 60 m i n u t e s  and 
a p p r o x i m a t e l y  h o u r l y  t h e r e a f t e r .  S y s t e m i c  a r t e r i a l  b l o o d  
p r e s s u r e  and r e c t a l  t e m p e r a t u r e  were m o n i t o r e d .
B a s e l i n e  c h a r a c t e r i s t i c s
The b a s e l i n e  c l i n i c a l  c h a r a c t e r i s t i c s  o f  t h e  s t u d y  p a t i e n t s  
a r e  shown i n  T a b l e  I .  A s i d e  f r o m  t h e  p r e s e n c e  o f  s e v e r e  
r e s p i r a t o r y  d i s t r e s s  w i t h  m e c h a n i c a l  v e n t i l a t i o n ,  t h e  c l i n i c a l  
d i a g n o s i s  o f  pneumo n ia  was based  on r a d i o g r a p h i c  e v i d e n c e  o f  
d i f f u s e  c o a r s e  i n f i l t r a t e s ,  o r  c o m p l e t e  o p a c i f i c a t i o n  o f  t h e  
l u n g s .
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TABLE I
B a s e l i n e  c h a r a c t e r i s t i c s  o f  s t u d y  p a t i e n t s
C h a r a c t e r i s t i c s P r o s t a g l a n d i n  E^ 
t r e a t e d  ( n = 2 )
C o n t r o l s  
(n = 2 )
W e i g h t ,  g 2150 +_ 707 2375 +_ 389
GA 36 +_ 2 . 8 35 .5  +_ 4 . 5
Age o f  e n t r y ,  h. 10 + 5 .6 9 .5  + 3 . 5
WBC 11.9
CNJ 
Г
- 
+ 1 9.65  ^  3 . 4
I / T  r a t i o 0 .26 + 0 . 01 0 .2 6  +_ 0 . 0 2
CRP + +
G a s t r i c  aspi  r a t e  
L e u c o c y t e s  + C o c c i + +
T r a c h e a l  a s p i r a t e  
c u l t u r e GBS GBS
P o s i t i v e  b l o o d  
c u l t u r e  f o r  GBS ( n ) 2 1
T a b l e  r e p o r t s  d a t a  as mean +_ SEM.
GA: g e s t a t i o n a l  a g e ;  WBC: L e u c o c y t e  c o u n t s ;  I / T : I m m a t u r e  t o
t o t a l  n e u t r o p h i l  q u o t i e n t ;  CRP: C - r e a c t i v e  p r o t e i n ;  GBS :
G r o u p  B b e t a - h e m o l y t i c  S t r e p t o c o c c i .
To s u p p o r t  o u r  p r e s u m p t i v e  d i a g n o s i s  o f  s y s t e m i c  i n f e c t i o n  
t h e  f o l l o w i n g  d i a g n o s t i c  t e s t s  were  u s e d :
-  L e u c o c y t e  c o u n t s
-  Immatu re  t o  t o t a l  n e u t r o p h i l  q u o t i e n t
-  C -  r e a c t i v e  p r o t e i n
-  P res ence  o f  l e u c o c y t e s  and c o c c i  i n  g a s t r i c  a s p i r a t e .
Prostaglandin Ei therapy 191
B e f o r e  t h e  a n t i b i o t i c  t r e a t m e n t  b l o o d  and t r a c h e a l  
a s p i r a t e  were c u l t u r e d .  A l l  p a t i e n t s  r e c e i v e d  P e n i c i l l i n  
( 3 0 0 . 0 0 0  U . I / k g / d i e )  -  G e n t a m y c i n  (5  m g / k g / d i e )  c o m b i n a t i o n  
i m m e d i a t e l y  t h e r e a f t e r .
Outcome Assessme nt
The a c u t e  i m p r o v e m e n t s  i n  o x y g e n a t i o n  and p u l m o n a r y  
p e r f u s i o n  were  measured  by t h e  c h a n g e s  o f  P G E  ^ o r  T o l a z o l i n e  
i n d u c e d  a r t e r i a l - a l v e o l a r  oxyg en  r a t i o  ( a / A )  and 10.  a / A  was 
c a l c u l a t e d  f r o m  a s t a n d a r d  f o r m u l a  / 6 / ,  o x y g e n a t i o n  i n d e x  ( 0 1 ) 
was d e f i n e d  as 01 = MAPxF iÜ2x l 00 / P a 0 2 •
The b l o o d  gas v a l u e s  (mean +_ SD) were t a b u l a t e d  i n  f o u r  
g r o u p s ,  by t h e  d i f f e r e n t  segme nt s  o f  t h e  p r o t o c o l .
The i n t e r c u r r e n t  m e d i c a l  e v e n t s  w h i c h  m i g h t  be a s s o c i a t e d  
w i t h  t h e  PGEi t r e a t m e n t  were r e c o r d e d  and t a b u l a t e d  as w e l l .
I n  a d d i t i o n ,  t h e  l a t e  o u tc o m e  was a l s o  t a b u l a t e d ,  
i n c l u d i n g  t h e  d u r a t i o n  o f  m e c h a n i c a l  v e n t i l a t i o n ,  t h e  r a t e  o f  
t h e  l a t e  c o m p l i c a t i o n s  and t h e  s u r v i v a l  r a t e  as w e l l .
B r o n c h o p u l m o n a r y  d y s p l a s i a  was a s se sse d  as a r e q u i r e m e n t  
f o r  s u p p l e m e n t a l  oxy gen  a t  2B days  o f  age .
S t a t i s t i c a l  A n a l y s i s
D a ta  a r e  p r e s e n t e d  as mean v a l u e s  +_ SEM. D i f f e r e n c e s  
b e tw e e n  g r o u p s  were a s s e s s e d  u s i n g  t h e  p a i r e d  t  t e s t .  
D i f f e r e n c e s  were  c o n s i d e r e d  s i g n i f i c a n t  when p < 0 . 0 5 .
RESULTS
a / A .  01 and b l o o d  gas v a l u e s
M ea su r e m e n ts  o f  a /A  b e f o r e  and a f t e r  t h e  PGE^ t h e r a p y  and 
c o n t r o l  g r o u p  v a l u e s  a r e  shown i n  t h e  F i g  1. The d a t a  i n d i c a t e  
a r o u g h l y  t w o f o l d  i n c r e a s e  a / A  f r o m  0 .0 47  (+_ 0 . 0 0 3 )  b e f o r e  
t r e a t m e n t  t o  0 . 0 9 1  _+ 0 . 0 3  a f t e r  30 m i n u t e s  a f t e r  t h e  
i n t r o d u c t i o n  o f  PGE^ t h e r a p y ,  (p  < 0 . 0 0 1 )
T h i s  i m p r o v e d  a /A  was m a i n t a i n e d  and r o s e  i n  a l l  PGE^- 
t r e a t e d  p a t i e n t s  a l l  t h r o u g h  t h e  r e s p i r a t o r y  t h e r a p y .
When MAP ch anges  were c o m b i n e d  w i t h  oxygen  r e q u i r e m e n t s  
t h r o u g h  t h e  01 ( F i g .  2 ) t h e  t r e a t m e n t  w i t h  PGE^ showed a 
r e d u c t i o n  f r o m  5 6 . 6  +_ 0 . 5 5  b e f o r e  PGE^ a d m i n i s t r a t i o n  t o  3 6 . 4  +_ 
1 5 . 6  a f t e r  30 m i n u t e s .  These i m p r o v e m e n t s  i n  0 1 - l i k e  t h o s e  i n
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a / A  were m a i n t a i n e d  i n  PGEj t r e a t e d  newb orns  compared  t o  t h e  
c o n t r o l s  (p < 0 . 0 0 1 ) .
A f t e r  t h e  i n t r o d u c t i o n  o f  PGE^ t h e r a p y  t h e  PC02 v a l u e s  
d e c r e a s e d  and a r t e r i a l  o x y e n - s a t u r a t i o n  (Sa tO o )  r o s e  comp ar ed  
t o  t h e  c o n t r o l s  ( T a b l e  I I )  and t o  t h e  v a l u e s  measured b e f o r e  
t h e  PGE^ t r e a t m e n t .
TABLE I I
PC02 and S a t 0 2 a t  P G E ^ - t r e a t e d  and  c o n t r o l  newborns
B l o o d  gas PGEi C o n t r o l s
v a l u e s  ( n = 2 ) ( n = 2 )
Se gments  C o n t -
o f  p r o t o c o l A В C PGE x A В C r o l
PC02 4 5 . 3 4 3 . 5 47 .5 3 7 . 5 + 5 8 . 5 45 .3 4 4 .5 48 . 6
( mmHg) + 3 . 0 + 5 . 8 + 11 .6 + 9 . 5 +_6.5 + 5 .8 + 2 . 1 +_5. 2
S a t o 52 . 7 6 4 . 8 57 .6 91 .2 + 3 6 . 2 63 .9 5 6 .5 3 5 . 9
(%) 2 + 1 9 . 4 + 2 3 . 1 + 9 . В + 9 . 8 _+5. 6 ^ 20 . 0 ^ 8 .4 +_17 . 8
Number o f  
o b s e r v a - 2 5 2 25 2 6 2 10
t  i ons
+ p < 0 .05
T a b l e  r e p o r t s  d a t a  as mean _+ SEM.
A: b l o o d  gas v a l u e s  a t  e n t r y ;  B: b l o o d  gas v a l u e s  d u r i n g
h y p e r v e n t i l a t i o n ;  C: b l o o d  gas v a l u e s  a f t e r  T o l a z o l i n e
a d m i n i s t r a t i o n ;  P G E ^ : b l o o d  gas v a l u e s  d u r i n g  P G E  ^ t h e r a p y ;
C o n t r o l s :  b l o o d  gas  v a l u e s  a t  th e  c o n t r o l s .
S i d e  e f f e c t  and o u t c o m e  o f  PGE; t h e r a p y
The r a t e  o f  t h e  u n e x p e c te d  m e d i c a l  e v e n t s  ( T a b l e  I I I )  
i n d i c a t e  t h a t  a r t e r i a l  b l o o d  p r e s u r e  d i d  n o t  change a f t e r  t h e  
i n t r o d u c t i o n  o f  PGE^ t h e r a p y .  Repe a ted  e l e v a t i o n s  o f  t h e  r e c t a l  
t e m p e r a t u r e  have  o f t e n  been o b s e r v e d ,  17 t i m e s  i n  t h e  w h o l e  
p e r i o d  o f  t i m e  o f  t h e  PGE^ t r e a t m e n t .
0.3
A: o/A at entry B :a /A  during the hyperventilation C : a/A after the Tolazoline administration
PQE1 ---------- Controls
________________________
F i g . 1 : a/A changes dur ing the p ro to co l .
Data are expressed as mean values +_ SEM. Line w i th  t r i a n g l e s  in d ic a te s  newborns re ce iv ing  PGEp Simple 
i i n e  ind ica tes  co n t r o ls .
P
ro
stag
la
nd
in
 Ei 
therapy 
193
PGE1 --------- Controls
F i g . 2: Changes in  01 dur ing the p ro to co l .
Data are expressed as mean values + SEM. Line w i th  t r i a n g l e s  i nd ica tes  newborns rece iv ing  PGEi. Simple 
l i n e  i nd ica tes  co n t r o ls .
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TABLE I I I
I n t e r c u r r e n t  m e d i c a l  e v e n t s  a t  PGE^ t r e a t m e n t
E v e n t
( n )
PGEi
(n  = 2 )
C o n t r o l s  
(n  = 2 )
C a r d i o v a s c u l a r
C u ta n e u s  v a s o d i l a t a t i o n - -
Rhythm d i s t u r b a n c e - -
H y p o t e n s i o n - 2
CNS
S e i z u r e - l i k e  a c t i v i t y 3 + -
T e m p e r a t u r e  e l e v a t i o n
(T > 3 8 . 0  Cu ) 17 + 1
M e t a b o l i  c
H y p o g ly c a e m i  a - -
H y p o c a l c a e m i  a - -
GI
Di a r r h e a - -
Re na l  f a i l u r e - -
+ p < 0 . 0 0 1
CNS: c e n t r a l  n e r v o u s  s y s t e m ;  GI  : g a s t r o i n t e s t i n a l
As shown i n  T a b l e  I V ,  t h e  s u r v i v a l  r a t e  o f  PGE^ - t r e a t e d  
n e w b o r n s  was 100%. No PGE^ —t r e a t e d  p a t i e n t s  r e q u i r e d  
s u p p l e m e n t a l  oxygen  f o r  more t h a n  14 d a y s ,  and t h e r e f o r e  none 
had b r o n c h o p u l m o n a r y  d y s p l a s i a  by t h e  d e f i n i t i o n  used  h e r e .
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TABLE IV
L a t e  o u tc o m e and s u r v i v a l  o f t h e  p a t i e n t s
Outcome PGE1- t r e a t e d C o n t r o l s
Cn = 2 ) (n  = 2 )
T im e  o f  PGE^ 
i n f u s i  on , h. 56 .5  +_ 3 1 . 5 -
T im e  o f  r e s p i r a t o r y  
t h e r a p y ,  h. 217 +_ 13 16 +_ 2
No .  o f  d e a t h s - 2
No.  o f  pa t ie n ts  r e q u i r i n g  
s u p p l e m e n t a l  
o x y g e n  > 14 d.
-
T a b l e  r e p o r t s  d a t a  as mean +_ SEM
DISCUSSION
N e o n a t a l  GBS s e p s i s  i s  o f t e n  a s s o c i a t e d  w i t h  p e r s i s t e n t  
e l e v a t i o n  o f  p u l m o n a r y  a r t e r y  p r e s s u r e  and w i t h  s e v e r e  a r t e r i a l  
h y p o x i  a .
I n c r e a s i n g  t h e  r e s p i r a t o r y  r a t e  o r  v e n t i l a t i o n  c y c l i n g  
f r e q u e n c y  s h o u l d  i n c r e a s e  m i n u t e  v e n t i l a t i o n ,  l o w e r  pCŰ2 and 
r a i s e  pH and t h e r e b y  i m p r o v e  p u l m o n a r y  b l o o d  f l o w .  
H y p e r v e n t i l a t i o n  ( r a t e  o f  b r e a t h s  p e r  m i n u t e  1 0 0 - 1 5 0 )  i s ,  
t h e r e f o r e ,  t h e  mos t  common ly  used m e th od  f o r  f u l l - t e r m  i n f a n t s  
d i a g n o s e d  w i t h  PPHN / 1 5 / .
O t h e r  t h e r a p e u t i c  r e s e a r c h e s  ha ve  focussed on t h e  s e a r c h  
f o r  s e l e c t i v e  p u l m o n a r y  v a s o d i l a t a t o r s  t h a t  m i g h t  be a b l e  t o  
d e c r e a s e  t h e  p u l m o n a r y  v a s o c o n s t r i c t i o n  w i t h o u t  a s i g n i f i c a n t  
s y s t e m i c  h y p o t e n s i o n .  U n f o r t u n a t e l y ,  t h e r e  a r e  no s p e c i f i c
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p h a r m a c o l o g i c a l  a g e n t s  t h a t  can c a u s e  s e l e c t i v e  p u l m o n a r y  
v a s o d i l a t a t i o n  ( I s o p r o t e r e n o l ,  T o l a z o l i n e ,  P h e n t o l a m i n e ,  
P r o s t a g l a n d i n s ,  H y d r a l a z i n e ,  N i t r o p r u s s i d  or  N i f e d i p i n e ) .  
T o l a z o l i n e ,  a l t h o u g h  n o n s p e c i f i c ,  has  had e x t e n s i v e  use  b u t  
w i t h  v a r i a b l e  r e s u l t s  i n  PPHN. A p o s i t i v e  r e s p o n s e  t o  
T o l a z o l i n e  o c c u r s  o n l y  i n  30 t o  60 p e r  c e n t  o f  th e s e  n e w b o r n s ,  
and a d v e r s e  e f f e c t s  r e l a t e d  t o  i t  a r e  s een  i n  30 t o  80 p e r  c e n t  
/ 2 ,  3,  1 4 / .
A l t h o u g h  v a r i o u s  PG-s ( P G12 and PGD2 ) can p ro duce  p u l m o n a r y  
v a s o d i l a t a t i o n  t h e y  have  n o t  y e t  been  o f  s i g n i f i c a n t  h e l p  i n  
t h e  c l i n i c a l  management  o f  synd rom es  a s s o c i a t e d  w i t h  PPHN / 1 2 / .
PGE^ has been  r e p o r t e d  o n l y  t o  r e l i e v e  human p u l m o n a r y  
h y p e r t e n s i o n  i n  a d u l t  / 9 / .
Our s t u d y  f o c u s s e d  on t h e  e f f e c t s  o f  th e  PGEj.  T h i s  
p o w e r f u l  v a s o d i l a t a t o r ,  a l t h o u g h  n o t  s e l e c t i v e  f o r  t h e  
p u l m o n a r y  v a s c u l a r  bed / 1 6 ,  1 8 / ,  i s  a l m o s t  c o m p l e t e l y  
m e t a b o l i z e d  (>  95%) on one p ass  t h r o u g h  t h e  p u l m o n a r y  
c i r c u l a t i o n  / 1 7 / .  T h e r e f o r e  PGE^ has  been  h y p o t h e s i z e d  t o  be 
a b l e  t o  e x e r t  g r e a t e r  p u l m o n a r y  t h a n  s y s t e m i c  e f f e c t s .  T h i s  
h y p o t h e s i s  was s u p p o r t e d  by Hammermann and c o - w o r k e r s  i n  a n i m a l  
m o d e l s  / 7 / .  I n  t h e i r  s t u d y  PGE^ i n f u s i o n  s e l e c t i v e l y  i m p r o v e d  
G B S - i n d u c e d  p u l m o n a r y  h y p e r t e n s i o n  and hypoxemia  i n  n e w b o r n  
p i g l e t s  w i t h  o n l y  a t r a n s i e n t  s y s t e m i c  h y p o t e n s i o n .
For our  s t u d y  we s e l e c t e d  s uch  new bor ns  t h a t  had s e v e r e  
GBS s e p s i s  w i t h  PPHN. As shown i n  T a b l e  I ,  w e i g h t ,  g e s t a t i o n a l  
age and age a t  e n t r y  i n t o  t h e  s t u d y  w e re  s i m i l a r  f o r  n e o n a t e s  
i n  t h e  s u b - g r o u p s  o f  PGE^ t r e a t e d  n e w b o r n s  and c o n t r o l s .
a /A  and 01 v a l u e s  i n d i c a t e  t h a t  t h e  e x p e c te d  m o r t a l i t y  
r a t e  o f  t h e  p a t i e n t s  we d e s c r i b e d  w o u l d  have been 90-100% / 1 ,  
1 0 ,  1 1 / .  They a l l  had t h e  i n d i c a t i o n s  f o r  ECM0. U n f o r t u n a t e l y ,  
t h i s  method  i s  n o t  a v a i l a b l e  i n  H u n g a r y .  A l l  ou r  p a t i e n t s  
showed u n r e s p o n s i v e n e s s  t o  t h e  c o n v e n t i o n a l  t h e r a p y  
( h y p e r v e n t i l a t i o n  and T o l a z o l i n e ) .
The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  newborns w i t h  GBS- 
i n d u c e d  PPHN have  an a c u t e  i m p r o v e m e n t  i n  o x y g e n a t i o n  a f t e r  
i n t r o d u c i n g  PGE^ i n f u s i o n .  Newborns  compared  w i t h  t h e  c o n t r o l s  
had  a p r o m p t  i m p r o v e m e n t  i n  a / A  and 01 w h ic h  r e m a i n e d
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s i g n i f i c a n t  f o r  t h e  who le  t i m e  o f  t h e  PGE^ i n f u s i o n  and  a f t e r  
i t .
The d i f f e r e n t  mechan isms o f  a c t i o n  o f  t h e  PGE^ and 
T o l a z o l i n e  i n  t h e  PPHN may be r e s p o n s i b l e  f o r  t h e  q u a n t i t a t i v e  
d i f f e r e n c e s  i n  t h e  o x y g e n a t i o n .  PGE^ d e c r e a s e s  p u l m o n a r y  
v a s c u l a r  r e s i s t a n c e  by d i l a t i n g  b o t h  pu lm o n a ry  v e i n s  and 
a r t e r i e s  as a " m e d i a t o r  s u b s t a n c e " ,  T o l a z o l i n e  i s  an a l p h a -  
a d r e n e r g i c  b l o c k i n g  a g e n t ,  a l s o  has s y m p a t h o m i m e t i c ,  
p a r a s y m p a t h o m i m e t i c  and h i s t a m i n e  l i k e - e f f e c t s .
Newborns  d u r i n g  t h e  c o n t i n u o u s  i n f u s i o n  o f  PGE^ had a 
t r a n s i e n t  d e c r e a s e  i n  a/A and an i n c r e a s e d  01 a t  3 - 4  h o u r s  
a f t e r  t h e  s t a r t  o f  PGE^ i n f u s i o n  w h i c h  p e r s i s t e d  f o r  s e v e r a l  
h o u r s .  We can o n l y  s p e c u l a t e  as t o  t h e  mechanism f o r  t h i s .  I t  
i s  p o s s i b l e  t h a t  t h e r e  i s  a " l a g  t i m e "  u n t i l  t h e  p u l m o n a r y  
c a t a b o l i c  enzymes become a c t i v a t e d ,  and  l o w e r  c o n c e n t r a t i o n  o f  
PGE^ e x i s t s  i n  t h e  p u l m o n a r y  v e s s e l s  t h e r e a f t e r .
The a r t e r i a l  pCÜ2 v a l u e s  o f  newborns a f t e r  t h e  
i n t r o d u c t i o n  o f  PGE-l i n f u s i o n  a r e  s i g n i f i c a n t l y  l o w e r  t h a n  
t h o s e  o f  t h e  c o n t r o l s  and th o s e  f o u n d  i n  t h e  p r e v i o u s  s t a g e  o f  
t h e r a p y .  The r a p i d  d e c r e a s e  i n  a r t e r i a l  pCÜ2 i n d i c a t e s  i m p r o v e d  
v e n t i l a t i o n .  T h i s  phenomenon i s  i n t e r e s t i n g  i n  t h e  l i g h t  o f  t h e  
p r e v i o u s  o b s e r v a t i o n s  t h a t  d e m o n s t r a t e  t h a t  th e  PGE-  ^ p r e v e n t s  
i n c r e a s e d  l u n g  m i c r o v a s c u l a r  p e r m e a b i l i t y  d u r i n g  i n t r a v a s c u l a r  
c o m p l e m e n t  a c t i v a t i o n  i n  sheep and a t t e n u a t e s  o x i d a n t  -  i n d u c e d  
p u l m o n a r y  oedema i n  r a t  l u n g s  / 4 ,  5 / .
The s i g n i f i c a n t l y  h i g h e r  S a t Ü 2 d u r i n g  th e  PGE^ t h e r a p y  
i n d i c a t e s  a b e t t e r  a r t e r i a l  O2 c o n t e n t .
The most  i m p o r t a n t  c o n t r a i n d i c a t i o n  o f  t h e  PGE^ t h e r a p y  i n  
PPHN i s  t h e  p o s t u l a t e d  a d v e rs e  e f f e c t  t h a t  th e  PGE  ^ d o e s  n o t  
d i f f e r e n t i a l l y  d i l a t e  t h e  p u l m o n a r y  v e s s e l s  opposed t o  t h e  
s y s t e m i c  o n e s .  I n  o u r  s t u d y  we d i d  n o t  o b s e r v e  any a r t e r i a l  
h y p o t e n s i o n  d u r i n g  t h e  PGE^ i n f u s i o n  c o m p a r e d  w i t h  t h e  c o n t r o l s  
and w i t h  t h e  b l o o d  p r e s s u r e  v a l u e s  measured b e f o r e  t h i s
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t r e a t m e n t .  Though a r t e r i a l  h y p o t e n s i o n  was n o t  f r e q u e n t l y  (3%) 
o b s e r v e d  d u r i n g  t h e  i n t r a v e n o u s  PGE^ i n f u s i o n  / 1 3 /  we s u s p e c t  
t h a t  c o n t i n u o u s  Dopamine  i n f u s i o n  (B y u g / k g / m i n )  may p r e v e n t  t h e  
h y p o t e n s i v e  e f f e c t s  o f  PGE^, j u s t  as i n  t h e  case o f  T o l a z o l i n e  
/ 8 / .
Re peat ed  and t r a n s i e n t  d e v e l o p m e n t  o f  f e v e r  and 
j i t t e r i n e s s  were  f r e q u e n t l y  o b s e r v e d  d u r i n g  t h e  PGE^ i n f u s i o n ,  
w h ic h  d i s a p p e a r e d  a f t e r  t h e  r e d u c t i o n  o f  i n f u s i o n  r a t e  and 
a f t e r  t h e  f i n i s h i n g  o f  PGE^ t r e a t m e n t .
The ou tc om e and s u r v i v a l  r a t e  d e m o n s t r a t e s  t h a t  t h e  two  
p a t i e n t s  t r e a t e d  w i t h  PGE^ h e re  s u r v i v e d ,  and non d e v e l o p e d  
c h r o n i c  l u n g  d i s e a s e ;  t h e  new bor ns  i n  t h e  c o n t r o l  g r o u p  have  
d i e d .  The c l o s u r e  o f  t h e  d u c t u s  a r t e r i o s u s  o c c u r r e d  
s p o n t a n e o u s l y  a f t e r  PGE^ i n f u s i o n .
I n  summary ,  ou r  s t u d y  p r o v i d e s  some new o b s e r v a t i o n s .  
These a r e :
C o n t i n u o u s  PGE^ i n f u s i o n  i m p r o v e s  t h e  a/A and 01 o f  
new bor ns  w i t h  s e v e r e  GBS i n d u c e d  PPHN w i t h  whom t h e  
h y p e r v e n t i l a t i o n  and T o l a z o l i n e  t r e a t m e n t  was u n s u c c e s s f u l .
The PGE^ t r e a t e d  newb orns  had b e t t e r  s u r v i v a l  r a t e  and 
c l i n i c a l  ou tc o m e  compared  w i t h  t h e  c o n t r o l s .
_ We d i d  n o t  o b s e r v e  s i g n i f i c a n t  h y p o t e n s i o n  d u r i n g  t h e  
c o n t i n u o u s  PGE^ i n f u s i o n .
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INTERRELATIONS AMONG DIFFERENT TYPES OF CONGENITAL 
CARDIOVASCULAR MALFORMATIONS IN SIB-OCCORRENCES
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136 p a i r  and 4 t r i p l e  o c c u r r e n c e s  o f  i s o l a t e d  
c a r d i o v a s c u l a r  m a l f o r m a t i o n s  (CCMs) i n  s i b s  w ere  
e v a l u a t e d  i n  a p o p u l a t i o n - b a s e d  H u n g a r i a n  m a t e r i a l  
be tw een 1963 and 1981 .  S i m i l a r  CCMs were f o u n d  mo s t  
f r e q u e n t l y  i n  s i b s .  Among t h e  d i s s i m i l a r  CCMs, t h e  
c o m b i n a t i o n s  o f  v e n t r i c u l a r  s e p t a l  d e f e c t  -  p u l m o n a r y  
s t e n o s i s  and o f  v e n t r i c u l a r  s e p t a l  d e f e c t  -  t e t r a l o g y  
o f  F a l l o t  were  common. The l a c k  o f  some c o m b i n a t i o n s ,  
e . g .  v e n t r i c u l a r  s e p t a l  d e f e c t  and c o a r c t a t i o n  o f  
a o r t a ,  i s  a l s o  n o t e w o r t h y .
INTRODOCTION
I t  i s  w o r t h w h i l e  s e p a r a t i n g  t h e  s p e c i f i c  r i s k  ( i . e . ,  t h e  
r e c u r r e n c e  o f  p r o b a n d ' s  d i s o r d e r )  and t h e  random r i s k  ( w h i c h  
may i n v o l v e  a l l  t h e  o t h e r  d i s o r d e r s )  w i t h i n  a f a m i l i a l  c l u s t e r  
o f  c o n g e n i t a l  a b n o r m a l i t i e s  ( C A s ) .  H o w e v e r ,  th e  i d e a  o f  a s o -  
c a l l e d  " s e m i - s p é c i f i c "  r i s k  seems t o  have  e s t a b l i s h e d  i t s e l f  
/ 1 1 / ,  w h ic h  may r e p r e s e n t  a c e r t a i n  é t i o l o g i e  r e l a t i o n s h i p  
among a c c u r a t e l y  d e f i n e d  t y p e s  o f  CAs. The c o n g e n i t a l  
c a r d i o v a s c u l a r  m a l f o r m a t i o n s  (CCMs) have  a p a r t i c u l a r  p a t t e r n :  
t h e  s i b - o c c u r r e n c e  o f  CCMs i s  a b o u t  3%. However ,  r o u g h l y  one 
h a l f  o f  t h e  a f f e c t e d  s i b l i n g s  had CCMs s i m i l a r  t o  t h o s e  o f  t h e  
p r o b a n d  / 1 0 ,  8 / .  The o t h e r  h a l f  o f  s i b - o c c u r r e n c e  i n v o l v e s  
o t h e r  t y p e s  o f  CCMs, t h u s  t h e i r  o c c u r r e n c e  a l s o  a p p e a r s  t o  be 
g r e a t e r  t h a n  n o r m a l .  So f a r ,  s e l e c t e d  c l i n i c a l  m a t e r i a l s  and a 
.summary o f  r e p o r t e d  cases  have been  e v a l u a t e d  / 8 , 1 0 / .  H e re  we 
show t h e  r e s u l t s  o f  a p o p u l a t i o n - b a s e d  a p p r o a c h .
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MATERIALS AND METHODS
T h e r e  a re  45 P a e d i a t r i c  C a r d i o l o g y  O u t p a t i e n t  C l i n i c s  (PCOC) i n  
H u n g a r y  c o v e r i n g  t h e  w ho le  a r e a  o f  t h e  c o u n t r y  and w o r k i n g  
u n d e r  th e  same g u i d a n c e  and m e t h o d s .  I n  1983 ,  t h e  h eads  o f  
t h e s e  PCOC were r e q u e s t e d  t o  i n f o r m  us a b o u t  f a m i l i e s  i n  w h ic h  
t w o  o r  more i n f a n t s  b o r n  b e t w e e n  1963 and 1981 had  CCMs 
t o g e t h e r  w i t h  t h e i r  name, d a t e s  o f  b i r t h  and d e a t h ,  a d d r e s s  o f  
p r o b a n d s  and t h e  t y p e  and t h e  d i a g n o s t i c  a p p ro a c h  o f  t h e i r  CCM 
and  CAs. The c o n d u c t i o n  d i s t u r b a n c e s  were n o t  t a k e n  i n t o  
c o n s i d e r a t i o n .
W i t h  t h e  e x c e p t i o n  o f  tw o  PCOC (who had s t a f f i n g  
d i f f i c u l t i e s ) ,  a l l  PCOC s e n t  t h e  r e q u e s t e d  d a t a .  F i n a l l y  14 
g r o u p s  and t y p e s  o f  CCMs / 9 /  were  s e p a r a t e d  and g i v e n  
a b b r e v i a t i o n s  as f o l l o w s :  v e n t r i c u l a r  s e p t a l  d e f e c t  (VSO) ,  
a t r i a l  s e p t a l  d e f e c t  t y p e  I I  o r  u n s p e c i f i e d  a t r i a l  s e p t a l  
d e f e c t  (ASD) ,  p a t e n t  d u c t u s  a r t e r i o s u s  (PDA) ,  p u l m o n a r y  
s t e n o s i s  o r a t r e s i a  (P u S t  or  P u A t ) ,  t e t r a l o g y  o f  F a l l o t  ( T F ) ,  
c o a r c t a t i o n  o f  a o r t a  ( C o A o ) ,  a o r t i c  s t e n o s i s  ( A o S t ) ,  
t r a n s p o s i t i o n  o f  t h e  g r e a t  a r t e r i e s  (TGA) ,  common t r u n c u s  
( C o T r ) ,  e n d o c a r d i a l  c u s h i o n  d e f e c t s  (ECO) i n c l u d i n g  
a t r i o v e n t r i c u l a r e  commune and a t r i a l  s e p t a l  d e f e c t  t y p e  I ,  
d e x t r o c a r d i a  ( D e x ) ,  co m p le x  CCM, i . e .  c o m b i n a t i o n  o f  tw o  o r 
m o r e  CCMs (CC) ,  o t h e r  t y p e s  o f  CCM ( 0 C )  and f i n a l l y  u n s p e c i f i e d  
CCMs ( " C C M " ) .
The c o m p l e t e n e s s  o f  a s c e r t a i n m e n t  c o u l d  be c h e c k e d  by a 
c o m p a r i s o n  w i t h  ( i )  t h e  m a t e r i a l  o f  t h e  H u n g a r i a n  C o n g e n i t a l  
A b n o r m a l i t y  R e g i s t r y  (HCAR),  where p e r s o n a l  d a t a  o f  i n d e x  c a s e s  
a f f e c t e d  by CCM a r e  a v a i l a b l e .  T h i s  m a t e r i a l  i s  t h o u g h t  t o  be 
f a r  f r o m  c o m p l e t e  i n  t e r m s  o f  CCMs / 5 / .  ( i i ) O u r  p r e v i o u s  
g e n e t i c  e p i d e m i o l o g i c  s t u d i e s  o f  ASD / 2 / ,  VSD / 3 / ,  CC / 7 / ,  and 
( i i i )  t h e  r e c o r d s  o f  ou r  G e n e t i c  C o u n s e l l i n g  C l i n i c  w h i c h  
i n c l u d e s  more t h a n  8 . 0 0 0  c o n s u l t a n d s  and c o n s i d e r e d  a p p r o p r i a t e  
t o  c h e c k  -  a g a i n s t  t h i s  m a t e r i a l .
RESULTS
147 f a m i l i e s  w i t h  two  o r more members a f f e c t e d  w i t h  CCMs were 
r e p o r t e d  by t h e  heads  o f  PCOC. H o w e v e r ,  two  g ro u p s  o f  f a m i l i e s  
w e r e  e x c l u d e d  f r o m  t h e  a n a l y s i s .  These  were ,  on t h e  one hand ,  19 
f a m i l i e s  who had no s i b - o c c u r r e n c e , b u t  f o u r  c o u s i n  and 15 
p a r e n t - c h i l d  o c c u r r e n c e s .  N e v e r t h e l e s s ,  one f a m i l y  w i t h  a t h r e e  
g e n e r a t i o n  o c c u r r e n c e  ( F i g .  1) and 7 f a m i l i e s  w i t h  a t r i p l e  
o c c u r r e n c e  o f  i s o l a t e d  CCMs ( F i g .  2 )  a r e  w o r t h  sh ow in g  h e r e .  Of 
t h e  l a t t e r  s e v e n ,  5 s i b s  and one  h a l f - s i b  o c c u r r e n c e  a r e
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F i g .  1.  A t h r e e  g e n e r a t i o n  i n h e r i t a n c e  o f  CCM
„CCM „CCM' vsd  + a s d ii. 
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Genu recurvatum
Registry diagnosis- 
E llis -van  Creveld syndrome
F i g .  2.  T r i p l e  f a m i l i a l  c l u s t e r s  o f  m u l t i p l e  CCM cases  i n  t h e  s t u d y  m a t e r i a l
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F i g .  3. T r i p l e  f a m i l i a l  o c c u r r e n c e s  o f  CCM i n  t h e  s t u d y  
m a t e r i a l
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e v a l u a t e d  l a t e r .  The second g r o u p ,  on t h e  o t h e r  h a n d ,  ha d  11 
s i b - o c c u r r e n c e s  i n v o l v i n g  CCMs and e x t r a c a r d i a c  CAs, i . e .  t h e s e  
ca s e s  had t h e  s o - c a l l e d  m u l t i p l e  CCM i n  a t  l e a s t  one o f  t h e  
p a i r s  ( T a b l e  I ) .  B o t h  s i b s  were a f f e c t e d  i n  t h r e e  o f  t h e  p a i r s  
ca used  by known m u l t i p l e  C A - e n t i t i e s ,  w h i l e  one s i b  had a known 
m u l t i p l e  C A - e n t i t y  i n  a f u r t h e r  4 f a m i l i e s . Figure 3 shows t h r e e  
t r i p l e  s i b - o c c u r r e n c e s  o f  m u l t i p l e  CCM c a s e s .  One o f  them was 
d i a g n o s e d  by us  as E l l i s - v a n  C r e v e l d  synd ro m e .  These m u l t i p l e  
CCM cases  had  a h e t e r o g e n e o u s  o r i g i n ,  t h u s  t h e y  t o o  were  
e x c l u d e d  f r o m  f u r t h e r  a n a l y s i s .
PCOC r e p o r t e d  113 s i b - p a i r s :  34 b r o t h e r s ,  21 s i s t e r s ,  49 
b o y - g i r l  p a i r s ,  8 c o n c o r d a n t  and  s e m i - c o n c o r d a n t  t w i n s  and 1 
h a l f - s i b  w i t h  i s o l a t e d  CCM f r o m  t h e  same m o t h e r .  F u r t h e r m o r e ,  
f o u r  t r i p l e  s i b - o c c u r r e n c e s  were r e p o r t e d  ( T a b l e  I I ) .  Of t h e s e  
12 CCMs, seven  had  CC. These 117 s i b - o c c u r r e n c e s  mean 238 cases  
w i t h  CCM. Of t h e s e  238 c a s e s ,  214 were b o rn  a f t e r  t h e  
e s t a b l i s h m e n t  o f  HCAR i n  1970,  b u t  o n l y  120 cases  were  r e p o r t e d  
t o  t h e  HCAR ( 3 6 . 1 % ) .  However,  23 s i b - p a i r s  w i t h  i s o l a t e d  CCM 
r e c o r d e d  i n  t h e  HCAR were n o t  r e p o r t e d  by t h e  PCDC 
( 2 3 / 2 6 0 = 8 . 8 % ) .  Of  t h e  23 s i b - p a i r s ,  13 were t w i n - p a i r s  i n  t h e  
HCAR w i t h  l e t h a l  ou tco me  i n  one  o r  b o t h  members o f  9 t w i n -  
p a i r s .  No new c a s e s  w ere  fo und  i n  t h e  o t h e r  two a b o v e - m e n t i o n e d  
s o u r c e s  o f  a s c e r t a i n m e n t .  The a m o u n t  o f  known f a m i l i e s  h a v i n g  
a f f e c t e d  s i b - p a i r s  was 136.  Four  t r i p l e  CCMs were r e d u c e d  t o  12 
s i b - p a i r s .  T h u s ,  t h e  f i n a l  number o f  C C M - p a i r s  e v a l u a t e d  was 
148 .
T a b l e  I I I  d e m o n s t r a t e s  CCMs i n  t w i n - p a i r s .  Out o f  21 s i b -  
o c c u r r e n c e s ,  9 w e r e  s p e c i f i c  and 4 w e r e  n o n - s p e c i f i c  and w h i l e  
3 p a i r s  were semi - s p é c i  f i  с . (One c o m p o n e n t  o f  comp le x  CCMs i n  
one  t w i n  c o r r e s p o n d s  t o  t h e  CCM o f  t h e i r  p a i r s . )  One o r  b o t h  
CCMs were n o t  s p e c i f i e d  i n  e a r l y  l e t h a l  c a s e s .  ( Z y g o s i t y  was 
n o t  d e t e r m i n e d  i n  t h e  m a j o r i t y  o f  t h e s e  t w i n - p a i r s . )
The d i s t r i b u t i o n  o f  148 CCM p a i r s  i s  sum m ar i zed  i n  T a b l e  V . 
The p e r c e n t a g e  d i s t r i b u t i o n  o f  a f f e c t e d  s i b s  i s ,  o f  c o u r s e ,  
d i s t o r t e d  by t h e  d e v i a t i o n  o f  b i r t h  p r e v a l e n c e s  o f  each  CCM 
t y p e  .
TABLE I
D i s t r i b u t i o n  o f  CCMs and e x t r a c a r d i a c  CAs w i t h i n  " m u l t i p l e "  c a s e s  i n  9 s i b s  and 2 h a l f  s i b s
C o
(year
X
of bi
S ib  1 
CCM
rth )
СЛ Sex
(year of b i
S ib  2 
CCM
rth )
СЛ Comment
Бегу (65) FDA Polycystic
kidney
G ir l (75) PDA Polycystic
kidney
Polycystic k id n e y - 
CCM association  
(C zeize l, 1986) 
in  both sibs
G ir l (70) VS D Minor anomalies 
o f Dcwn S>TidrCCF;
G ir l (73) PDA - Down syndrome in  
sib 1
G ir l (71) VSD C le ft palate Боу (75) VSD - -
G i r l (71) Endocardial
fibroelastosis
G ir l (75) VSD +  dextro- 
fle x io n  o f a o rtic  
arch
Minor anomalies 
c f Dcwn syndroms
Dcwn syndrome in  
sib 2
G ir l (71) PDA Hepatosplencnega1 
+  cphthaliicplegia
у Boy (77) PuSt Niemann-Pick 
sib 1
E<jy (72) "coi" C le ft liptcong. 
dislocation of hi
G ir l ( 81) 
о
VSD - H alf nibs
G ir l (74) Dextrcpositon of 
heart, s tric tu ra  
o f ao rtic  arch
Spleen aplasia Боу (76) Dextroposition o f  
heart w ith  cor 
b ilo cu lare
Spleen ap las ia  +  
situs  inversus
Ivemark syndrome 
in  both sibs
Бсу (75) C ar di опту opa thy Hemangioma in  
l iv e r
G ir l (76) VSD Holoprosencephaly 
+  K lip p e l-F e il 
sodromé
Girl
(76) VSD Boy (80) Double o u tle t l e f t  
ve n tr ic le  +  
tr icu sp id  a tres ia  
-1- subaortic  
stenosis
Spleen ap las ia Ivemark s\ndrone  
in  s ib  2
G ir l (75) Double a o rtic  
arch
Tracheal stenosis Boy (BO) Double a o rt ic  arch Tracheal stenosis .'o r tie  arc)1, т а ! -  
fon.oLion -  
t j-achca ! s tones i  s 
sequence ( C/.ci zo1 
e t  a l ,  1989) 
in both sibs
I 0 ' " !
(78) Dcx Situs inversus G ir l (80) VSD - -
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TABLE I I
T r i p l e  o c c u r r e n c e s  o f  CCMs i n  s i b s
S i b  1 S i b 2 S i b  3
Sex
(Year of  b i r t h  
and death)
CCM
S 0 X
(Year o f  b i r t h  
and death)
CCM
S 0 X
(Year o f  b i r t h  
and death)
CCM
G i r l (6 8-  ) ASD G i r l ( 7 0 - 7 0 ) ASD G i r l ( 7 3 -  ) VSD+CoAo
Boy ( 7 0 -  ) ASD Boy ( 7 3 -  ) A o S t G i r l ( 7 7 -  ) ASD
Boy ( 7 1 - 7 1 ) VSD+OC ( e n d o ­
c a r d i a l  f i b r o ­
e l a s t o s i s  i n  
m i t r a l  v a l v e )
Boy ( 7 2 - 7 2 ) CoAo+PDA Boy ( 7 8 - 7 8 ) ASD+CoAo+(PDA)+OC 
( c o n g . m i t r a l  
s t e n o s i s )
Boy ( 7 5 - 7 5 ) VSD ( c o r  
t r i l o c u l a r e  
b i a t r i a t u m )  + 
0C ( b i c u s p i d  
a o r t i c  v a l u e )
Boy ( 7 6 - 7 6 ) TGA+VSD ( c o r  
t r i l o c u l a r e  
b i a t r i a t u m )  + 
OC ( b i c u s p i d  
a o r t i c  v a l u e )
G i r l ( 8 0 - 8 0 ) ASD+VSD+CoAo
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TABLE I I I
D i s t r i b u t i o n  o f  CCMs i n  t w i n s
Twin  A T w i n  В S o u r c e  o f
Sex
(year  o f  b i r t h )
Type o f  
CCM
E x i t Sex Type  o f  
CCM
E x i t
c a s e s
Boy ( 6 9 ) AoSt — Boy I -A'oSt _ PCOC
G i r l ( 7 2 ) TF - G i r l :E'CD - PCOC
G i r l ( 7 2 ) "CCM" + G i r l PDA - HCAR
G i r l ( 7 2 ) VSD + Boy VSD + HCAR
G i r l ( 7 3 ) VSD - G i r l VSD - HCAR
Boy ( 7 3 ) VSD - Boy VSD - PCOC
G i r l ( 7 4 ) PDA - G i r l ASD - HCAR
Boy ( 7 5 ) VSD 4- Boy VSD + HCAR
Boy ( 7 5 ) "CCM" + Boy "CCM" + HCAR
G i r l ( 7 5 ) "CCM" H- G i r l "CCM" + HCAR
G i r l ( 7 6 ) PuSt - Boy VSD - PCOC
G i r l ( 7 6 ) " C a r d i o ­
m y o p a t h y "
4- G i r l " C a r d i o ­
m y o p a t h y "
+ HCAR
G i r l ( 7 6 ) VSD+PuSt - G i r l Pu S t - HCAR
G i r l ( 7 6 ) "CCM" + G i r l Co Ao - HCAR
G i r l ( 7 6 ) PuSt - Б о у VSD - HCAR
G i r l ( 7 6 ) ASD - G i r l ASD - PCOC
Boy ( 7 6 ) PDA - Boy PDA - PCOC
Boy ( 7 7 ) PDA + Boy PDA + HCAR
Boy ( 7 7 ) "CCM" + Boy "CCM" + HCAR
G i r l ( 7 7 ) VSD - Boy V5D+CoAo + PCOC
G i r l ( 7 8 ) VSD+PDA - G i r l VSD - PCOC
PCOC = P a e d i a t r i c  C a r d i o l o g y  O u t p a t i e n t  C l i n i c  
HCAR = H u n g a r i a n  C o n g e n i t a l  A b n o r m a l i t y  R e g i s t r y
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DISCUSSION
Three  d i f f i c u l t i e s  a r o s e  d u r i n g  t h e  a n a l y s i s ,  ( i )  O n l y  136 
s i b - o c c u r r e n c e s  w e re  homogeneous w i t h  50% o f  f a m i l i a l  genes  i n  
common. Of 17 same sex t w i n - p a i r s ,  a b o u t  8 may be m o n o z y g o t i c  
w i t h  a 100% p a r t i c i p a t i o n  o f  f a m i l i a l  genes w h i l e  one h a l f - s i b  
had  ' o n l y  25% o f  f a m i l i a l  genes  i n  common, ( i i )  A t  l e a s t  one 
c a s e  o f  41 s i b - p a i r s  had complex  CCMs. The d i s t r i b u t i o n  o f  CCMs 
i n  s i b - p a i r s  i s  shown i n  T a b l e  I V .  CCs i n  t r i p l e  s i b -  
o c c u r r e n c e s  ( T a b l e  I I )  and i n  t w i n s  ( T a b l e  I I I )  a r e  n o t  
i n c l u d e d  i n  T a b l e  V.  ( i i i )  Ten l e t h a l  c a s e s  were  r e p o r t e d  w i t h  
o n l y  an u n s p e c i f i e d  CCM, i . e .  "CCM" .
O b v i o u s l y  s i m i l a r  CCMs o c c u r r e d  most  f r e q u e n t l y  i n  s i b s  
e x c e p t  PuSt ,  TF and TGA ( T a b l e  V ) .  The h i g h e s t  f i g u r e s  were 
f o u n d  i n  CC ( 1 2 . 8 % )  and VSD ( 1 2 . 8 ) .  H o w e v e r ,  t h e  l a t t e r  has t h e  
h i g h e s t  b i r t h  p r e v a l e n c e  among C CM - t ypes  ( 1 . 6  pe r  1000 )  / 3 /  
w h i l e  CC has o n l y  a f i g u r e  o f  0 . 4 / 1 0 0 0 .  The h i g h  f i g u r e  o f  CC 
i s  an i n t e r e s t i n g  phenomenon,  b e c a u s e  i t  may i n d i c a t e  a 
c o r r e l a t i o n  b e tw e e n  h i g h  p e n e t r a n c e  (m ore  t h a n  one CCM w i t h i n  
t h e s e  f a m i l i e s )  and t h e  s e r i o u s  e x p r e s s i v i t y  ( t h e  CC may be a 
more  s e r i o u s  m a n i f e s t a t i o n  o f  CCM t h a n  an i s o l a t e d  
m a n i f e s t a t i o n ) .  T h i s  r e l a t i o n s h i p  c o r r e s p o n d s  w e l l  t o  t h e  r u l e s  
o f  p o l y g e n i c  i n h e r i t a n c e ,  i . e .  m u l t i f a c t o r i a l  e t i o l o g y  / 7 / .  The 
t h i r d  h i g h e s t  f i g u r e  was fo u n d  i n  AoSt  ( 6 . 8 % ) .  Among t h e  
d i s s i m i l a r  CCMs t h e  c o m b i n a t i o n s  o f  VSD-PuSt  and VSD-TF a re  
w o r t h  s t r e s s i n g ,  as t h e s e  f i g u r e s  ex c e e d  th e  p r o p o r t i o n  o f  
s i m i l a r  CCMs. T h i s  f i n d i n g  c o n f i r m s  t h e  d a t a  o f  F r a s e r  e t  a l  
/ 1 0 / .  F i n a l l y  t h e  l a c k  o f  a number o f  c o m b i n a t i o n s ,  e . g .  VSD- 
CoAo,  ASD-TF, P u S t - C o A o ,  e t c . ,  may be i n t e r e s t i n g  f r o m  a 
p a t h o g e n e t i c  p o i n t  o f  v i e w .
The c h a r a c t e r i s t i c  s i b - o c c u r r e n c e s  o f  CCMs h e l p s  us t o  
u n d e r s t a n d  t h e  e m b r y o l o g y  o f  t h e  h e a r t  and g r e a t  v e s s e l s ,  and 
t h e i r  p a t h o g e n e s i s  / 1 / .
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TABLE IV
D i s t r i b u t i o n  o f  CCMs w i t h i n  co m p le x  CCMs
Sib 1 Sib 2
Sex
(Year of birth)
Type of CCM Sex
(Year of birth)
Type of CCM
Girl (63) "CCM" Girl (65) ASD+PuSt
Girl (63) PuSt Boy (68) CoAo+VSD
Boy (65) ASD+VSD Boy (75) ECD+AoS t
Boy (66) CoAo Boy (77) CoAo+PDA+OC (hypoplasia of 
pulmonary 
artery)
Boy (67) AoSt+OC (hypoplastic 
left heart 
syndrome)
Boy ( 78) AoSt+CoAo
Boy (67) PDA+ASD Boy (71) PDA+ASD+PuAt
Boy (68) VSD+PuS t Boy ( 73) VSD+PuS t
Girl
Boy
( 70) 
70
CoTr+VSD+ASD
AS D+PDA+C0A0+ 
AoSt+OC
(hypoplasia of 
pulmonary 
artery)
Boy (72) CoTr+VSD
Girl (71) PuSt Boy ( 73) ASD+PuSt+CoTr
Boy (71) CoTr+VSD Girl (72) CoTr+VSD
Boy (71) ASD+AoS t+Dex Boy (72) TGA+ASD+PDA
Boy (71) AoSt Boy (72) TGA+ASD
Boy (71) AoS t Boy (78) VSD+PDA+CoAo
Boy (72) VSD Boy (74) VSD+PuAt
Boy (72) VSD Boy ( 76) ASD+VSD+PDA+AoSt
Boy (72) ASD+VSD+PDA+ 
OC (tricuspid 
atresia +
h y p o p la s ia  o f  
aorta)
Girl (79) CoTr+VSD+AoS t
Girl (73) VSD Girl (82) PDA+ASD
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TABLE IV  ( c o n t . )
D i s t r i b u t i o n  o f  CCMs w i t h i n  c o m p l e x  CCMs
Sib 1 Sib 2
Sex
(Year of birth)
Type of CCM Se:-!
(Year of b i r t h )
Type of CCM
Girl ( 73) ÁSD Boy ( 80) CoTr+VSD
Girl (73) VSD+PuSt Boy (72) CoTr+VSD
Boy (73) CoTr+VSD Boy (76) ASD+PDA+OC 
(right aortic 
arch )
Girl (74) ECD+VSD Girl (76) VSD
Boy (75) CoAo+OC (cong. 
mitral
insufficiency)
Girl ( 79 ) ASD+PuS t
Boy (76) VS D Boy (79) V S IH - A S D + P D A t C o A c
Girl (77) CcAo+PDA Boy ( 79 ) AcS t
Girl ( 77) PuSt+OC
(hypoplastic le 
heart syndrome'
Boy ( 7 9 ) CoAo+OC
(hycooiast'c left 
heart syndrome)
Boy (78) Boy ( 82 ) VSD+PuSt
Boy (79) ECD+ASD Girl (8 1 ) ECD+PDA+OC 
(hypoplasia of 
aorta)
Boy (80) VSD Boy (82) VSD+PuSt
Boy (80) ГРТ7 Boy ( 81) ASD+AcSt
Number o f  s i b - p a i r s  a f f e c t e d  by CCM ( u p p e r  p a r t )  and t h e i r  p e r c e n t a g e
f i g u r e s  ( l o w e r  p a r t )
TABLE V
CCM
groups VSD ASD PDA PuSt TF CoAo AoSt TGA ECD OC CC "CCM" Total
VSD \.1912 4 2 7 7 0 3 1 1 0 10 0 54
ASD 2.7 \ 6  4 . 1 \ 1 1 0 1 3 0 0 » 2 3 1 18
PDA 1.4 0.7 \  4 2 1 0 0 0 0 0 0 0 1 6
PuSt 4.7 0.7 1.4 \ 2  1.4 \ 2 0 1 0 1 3 3 0 12
TF 4.7 0 0 1.4 \  42 , r \ 0 0 2 1 0 2 0 9
CoAo 0 0.7 0 0 0 \ 1  0.7 \ 0 О 0 0 1 1 3
AoSt 2 .0 2.0 0 0.7 0 0 ^ \ 1 0  6 . 3 \ 0 0 1 3 2 16
TGA 0.7 0 0 0 1.4 0 0 \  0 0 \ 0 0 0 0 0
ECD 0.7 0 0 0.7 0.7 0 0 0 ' \ 1o, 0 0 0 1
OC 0 1.4 0 2 .0 0 0 0.7 0 0 \  4 2 . 7 \ 1 0 5
CC 6.8 2.0 0 2.0 1,4 0.7 2.0 0 0 0. 7 1.912 1 20
"CCM" 0 0.7 0.7 0 О 0.7 1.4 о 0 О 0.7 42'7 4
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EXON DELETIONS IN DOCHENNE AND BECKER MOSCOLAR DYSTROPHY
Emőke ENDREFFY1 , A ra nka  LÁSZLÓ1 , M. KÁLMÁN2 , I .  RASKÓ2
P a e d i a t r i c  D e p a r t m e n t ,  S z e n t g y ö r g y i  M e d i c a l  U n i v e r s i t y ,  
Sze g e d ,  2 I n s t i t u t e  o f  G e n e t i c s ,  B i o l o g i c a l  Rese arch  C e n t r e ,
Szeged ,  Hung ary
R e c e iv e d  29 J a n u a r y  1993
The mu sc le  s p e c i f i c  p r o m o t e r  gene and 3, 4 ,  6 ,  8,  
12,  13,  17,  19 ,  43,  44 ,  45 ,  4 7 ,  4 8 ,  49,  50, 51,  5 2 ,  60
e x o n a l  d e l e t i o n s  o f  d y s t r o p h i n  gene  were examined  i n  41 
H u n g a r i a n  Duchenne and B e c k e r  m u s c u l a r  d y s t r o p h i c  
p a t i e n t s  and 21 (51%) o f  them were fo u n d  h a v i n g
d e t e c t a b l e  exon d e l e t i o n s .  One p a t i e n t ' s  d e l e t i o n  was 
e x t e n d e d  t o w a r d  t h e  5 '  end o f  t h e  gene ,  w h i l e  20 
p a t i e n t s ’ d e l e t i o n s  were e x t e n d e d  t o w a r d  t h e  3 '  e n d .  
The c o r r e l a t i o n  be tw een t h e  d e l e t i o n s  and p h e n o t y p e s  
seems t o  c o n f i r m  t h e  r e a d i n g - f r a m e  mo de l .
INTRODDCTIDN
Duchenne and m i l d e r  a l l e l i c  fo r m  B e c k e r  m u s c u l a r  d y s t r o p h y  
(DMD, BMD) a r e  X c h r o m o s o m e - l i n k e d  (X p 2 1 )  r e c e s s i v e  l e t h a l  
m u s c l e - w a s t i n g  d i s o r d e r s  a f f e c t i n g  a p p r o x i m a t e l y  1 o f  4000  ma le  
n e w b o r n s .  The 2 . 5  m i l l i o n  base p a i r  gene  c o n s i s t  o f  more  t h a n  
70 e x o n s ,  r e s u l t i n g  i n  a 14kb mRNA, w h i c h  encodes t h e  427 kDa 
p r o t e i n  d y s t r o p h i n .  T h i s  v e r y  l a r g e  gene has h i g h  m u t a t i o n  
r a t e ,  t h e  m u t a t i o n s  ( d e l e t i o n ,  m i s s e n s e ,  nons e n s e ,  s p l i c i n g  
e t c . )  seem t o  be o f  i n d e p e n d e n t  o r i g i n  i n  t h e  u n r e l a t e d  
f a m i l i e s .  A t h i r d  o f  a l l  p a t i e n t s  a r i s e  f rom new m u t a t i o n s .  
A b o u t  65% o f  p a t i e n t s  w i t h  DMD and BMD possess  d e l e t i o n s  o f  
exons  w i t h i n  t h e  gene .  A s t a n d a r d  metho d  o f  d e l e t i o n  a n a l y s i s  
i s  a m u l t i p l e  p o l y m e r a s e  c h a i n  r e a c t i o n  (PCR) / 2 ,  3 /  a l l o w i n g  
s i m u l t a n e o u s  a m p l i f i c a t i o n  o f  m u l t i p l e  d e l e t i o n  p r o n e  e x o n s  i n  
a s i n g l e  r e a c t i o n  m i x t u r e .  The d e l e t i o n s  a re  r e a d i l y  i d e n t i f i e d
Akadémiai Kiadó,  Budapest
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by t h e  a b s e n c e  o f  bands because o f  f a i l u r e  o f  a m p l i f i c a t i o n  o f  
i n d i v i d u a l  r e a c t i o n s  i n  th e  m u l t i p l e  PCR.
The d i s e a s e  i s  p r e s e n t  f r om  b i r t h  and may cause  d e v e l o p m e n t a l  
d e l a y :  l a t e  o n s e t  o f  w a l k i n g  b u t  t h e  a f f e c t e d  p a t i e n t  u s u a l l y  
does  n o t  p r e s e n t  u n t i l  3 -5  y e a r s  o f  age.  The i n i t i a l  
c o m p l a i n t s :  l e g  weakness ( r u n n i n g  and s t a i r  c l i m b i n g  
d i f f i c u l t i e s  and p r o b l e m s  w i t h  r i s i n g  f r om  t h e  f l o o r ) .  The 
p r o g r e s s i v e  l o s s  o f  musc l e  t i s s u e  c o n t i n u e s  t h r o u g h o u t  t h e  
l i f e .  P a t i e n t s ,  who became w h e e l c h a i r  bound by 13 y e a r s  o f  age 
a r e  t y p i c a l  o f  DMD, th o s e  be tween 1 3 - 1 5  y e a r s  a re  i n t e r m e d i a t e  
( I  ) and who r e m a i n  a m b u l a t o r y  p a s t  t h e  age o f  15 a r e  t h e  BMD 
p a t i e n t s  / 5 / .  D e a t h  f r e q u e n t l y  o c c u r s  by t h e  l a t e  t e e n s  o r  
e a r l y  t w e n t i e s  (DMD p a t i e n t s ) ,  b u t  t h e  l e s s  s e v e re  BMD p a t i e n t s  
r e m a i n  a m b u l a t o r y  i n t o  a d u l t h o o d  and may c o n d u c t  m i n i m a l l y  
r e s t r i c t e d  l i v e s .  Nowadays t h e r e  i s  no c u re  o r  e f f e c t i v e  
t r e a t m e n t  f o r  t h i s  d i s e a s e .
We p l a n n e d  t o  s c r e e n  our  41 DMD and BMD p a t i e n t s  f o r  e x o n s :  
3 ,  4,  6,  8, 12 ,  1 3 ,  17 ,  19, 43,  44 ,  4 5 ,  47 ,  48,  49,  50 ,  51 ,  52,  
60 and m u s c l e  p r o m o t e r  gene d e l e t i o n  m u t a t i o n s  / 2 ,  3 /  t o  know 
t h e  f r e q u e n c y  o f  d e l e t i o n  p ron e  e x o n s  i n  o u r  p o p u l a t i o n  and t o  
h e l p  g e n e t i c  c o u n s e l l i n g  and p r e n a t a l  d i a g n o s i s .
PATIENTS AND METHODS
The d i a g n o s i s  o f  o u r  41 DMD and BMD p a t i e n t s  depended on t h e  
b a s i s  o f  t h e  c l i n i c a l  symptoms,  t h e  h i g h l y  e l e v a t e d  serum 
c r e a t i n e  p h o s p h o k i n a s e  (CPK) v a l u e s ,  m y o p a t h i c  ch a n g e s  on 
e l e c t r o m y o g r a p h y  and on musc le  b i o p s y .  The s e v e r i t y  o f  t h e  
d i s e a s e  was s c o r e d  as I  to  IV ( s e e  R e s u l t s ,  F i g .  3 ) .  The DNA 
was p r e p a r e d  f r o m  f r e s h  p e r i p h e r a l  b l o o d  l e u k o c y t e s  o f  t h e  
a f f e c t e d  i n d i v i d u a l s  / 1 0 / .  The m u l t i p l e  PCR f o r  exons  
8 , 1 7 , 1 9 , 4 4 , 4 8  ( 1 s t  t u b e )  was p e r f o r m e d  as d e s c r i b e d  by 
C h a m b a r l a i n  e t  a l .  / 3 / ,  f o r  e x o n s  4 , 1 2 , 5 1  (2nd t u b e  u s i n g  
p r i m e r s  d e s c r i b e d  by C h a m b e r l a in  e t  a l . )  and f o r  m u s c l e  
s p e c i f i c  p r o m o t e r  gene  (Pm) and 3 , 6 , 1 3 , 4 3 , 4 7 , 5 0 , 5 2 , 6 0  exons  
( 3 r d  t u b e )  and ( i n  t h e  4 th  t u b e )  f o r  exon  49 by B egg ’ s method  
/ 2 / .  We used Promega Taq DNA p o l y m e r a s e  enzyme and B o e h r i n g e r  
dNTPs.  The PCR p r o d u c t s  were k e p t  a t  4°C b e f o r e  a n a l y s i s ,  and 
w e re  a n a l y s e d  by 12% n o n - d e n a t u r i n g  p o l y a c r y l a m i d e  g e l  
e l e c t r o p h e r e s i s . A f t e r  s t a i n i n g  t h e  g e l  w i t h  e t h i d i u m  b r o m i d e ,  
t h e  v i s i b l e  D N A - s t r a n d s  c o r r e s p o n d i n g  t o  t h e  d i f f e r e n t  
a m p l i f i e d  p r o d u c t s  w e re  p h o t o g r a p h e d .
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RESULTS
We c o u l d  i d e n t i f y  d e l e t i o n s  i n  51% o f  t h e  DMÜ, BMD a f f e c t e d  
p a t i e n t s  ( 2 1 / 2 4 ) .  F i g .  1 shows t h e  f r e q u e n c y  o f  exon d e l e t i o n s  
w i t h  t h e  m a j o r i t y  e x t e n d i n g  t o w a r d  t h e  3 '  end o f  th e  gene .
The d i s t r i b u t i o n  o f  exon d e l e t i o n s  and t h e  d i s e a s e  s e v e r i t y  
s c o r e s  I  t o  IV i n  d i f f e r e n t  age g r o u p s  o f  21 m u s c u l a r  
d y s t r o p h i c  p a t i e n t s  a r e  shown on F i g .  2.  Score I :  m i l d  
d y s t r o p h y ,  I I :  a b l e  t o  w a lk  w i t h  s e l f  s u p p o r t ,  I I I :  u n a b l e  t o  
w a lk  a l o n e ,  I V :  w h e e l c h a i r  bou n d .  The l i m i t s  o f  d e l e t i o n s  
r e m a in e d  unknown i n  some cases  w i t h  t h e s e  a m p l i f i c a t i o n  
m e t h o d s .
F i g .  3 i l l u s t r a t e s  t h e  d i s t r i b u t i o n  o f  t h e  d i s e a s e  
s e v e r i t y  s c o r e s  i n  d i f f e r e n t  age g r o u p s  o f  21 d e l e t i o n  ( A )  and 
20 n o n - d e l e t i o n  ( B )  c a s e s .  P a t i e n t s  y o u n g e r  t h a n  11 y e a r s  o f  
age were  a l l  a m b u l a t o r y .  Over  t h e  age o f  11 we f o u n d  
p e r m a n e n t l y  w h e e l c h a i r  bound ( s c o r e  I V )  p a t i e n t s  i n  b o t h  g r o u p s  
(A and B) b u t  more p a t i e n t s  r e m a i n e d  a m b u l a t o r y  i n  t h e  n o n -  
d e l e t i o n  g ro u p  ( B ) .
F i g ,  4 shows t h e  m u l t i p l e  a m p l i f i c a t i o n  bands o f  e x o n s :  
3 , 6 , 1 3 , 4 3 , 4 7 , 5 0 , 5 2 , 6 0  and t h e  m u s c l e  s p e c i f i c  p r o m o t e r  gene  
/ 2 / ,  w i t h  v a r i o u s  i n t r a g e n i c  d e l e t i o n s  ( l a n e  3 and 4 ) .  L a c k  o f  
a m p l i f i c a t i o n  i n  l a n e  2 s e r v e s  as a n e g a t i v e  c o n t r o l .  S a m p le s  
i n  5 , 6 , 7  do n o t  d i s p l a y  d e l e t i o n s .
F i g .  5 shows t h e  m u l t i p l e  a m p l i f i c a t i o n  bands o f  e x o n s :  8,  
17,  19,  44 ,  4 5 ,  48 / 3 /  w i t h  d e l e t i o n s  i n  l a n e  3,  7,  8 ,  9 ,  10.  
(We do n o t  d e m o n s t r a t e  t h e  s i n g l e  a m p l i f i c a t i o n  o f  t h e  e x o n  49 
/ 2 /  and t r i p l i c a t e  a m p l i f i c a t i o n  o f  e x o n s  4,  12,  51 / 3 /  i n  t h e  
s e p a r a t e d  r e a c t i o n s . )
DISCUSSION
The d e l e t i o n s  o f  t h e  d y s t r o p h i n  gene  b e i n g  c l u s t e r e d  i n  two 
h o t s p o t s ,  a t  t h e  5 '  and a t  t h e  3 '  end o f  t h e  g e n e .  The 
f r e q u e n c y ,  e x t e n t  and l o c a t i o n  o f  t h e  d e t e c t e d  d e l e t i o n  
m u t a t i o n s  w o u l d  be c o m p l e t e  i f  t h e s e  e x a m i n a t i o n s  c o u l d  have
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F i g . 1.  F re quency  o f  e x o n - d e l e t i o n s  i n  o u r  21 d e l e w t i o n  c a s e s
1........ 13 114 115 116 17 18 19 43 44 45 46 47 48 49 150 51 52 60
exons of DMP- gene
• • l im its  unknown Disease severity scores: I m ild dystrophy
II able to walk w ith s e lf-s u p p o rt
III unable to walk alone
IV w hee l-cha ir bound
F i g . 2.  D i s t r i b u t i o n  o f  exon d e l e t i o n s  i n  d i f f e r e n t  a g e - g r o u p s  o f  21 m u s c u l a r  d y s t r o p h y  
p a t i e n t s  and d i s e a s e  s e v e r i t y  s c o r e s  ( I  — I V )
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Score I m ild dystrophy
II ab le  to walk with s e lf support
III unable to walk alone
IV wheelchair bound
F i g . 3 .  D i s t r i b u t i o n  o f  d i s e a s e  s e v e r i t y  s c o r e s  ( I - 1 V ) i n  
d i f f e r e n t  a g e g r o u p s  o f  21 d e l e t i o n  (A)  and 20 n o n -  
d e l e t i o n  ( B )  cases
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F i g .  4.  D e t e c t i o n  o f  DMD gene exon  / е /  d e l e t i o n s  by m u l t i p l e  
DNA a m p l i f i c a t i o n  by m e t h o d s  o f  Beggs e t  a l .  / 2 / .  The 
b a n d s :  535bp /Pm g e n e / ,  4 1 0 b p / e 3 / ,  3 5 6 b p / e 4 3 / ,
271 b p / e 5 0 / , 2 3 8 b p / e l 3 / ,  2 0 2 b p / e 6 / ,  1 8 1 b p / e 4 7 / ,
1 3 9 b p / e 6 0 /  and 1 1 3 b p / e 5 2 / .  Lane 1 shows t h e  H i n f  I -  
d i g e s t e d  0x174 DNA m o l e c u l a r  w e i g h t  s t a n d a r d ,  l a n e  2:  a 
n e g a t i v e  c o n t r o l ,  I a n s  3 - 4 :  s a m p l e s  d e l e t e d  f o r  tw o  and 
one exons,  r e s p e c t i v e l y ,  l a n e s  5 - 7 :  s a m p l e s  do n o t
d i s p l a y  a d e l e t i o n
been  done i n  a l l  DMD/BMD p a t i e n t s  i n  o u r  c o u t r y .  Beca use  o f  t h e  
e a s i e r  a m p l i f i c a t i o n  o f  t h e  s m a l l e r  bands we d i d  n o t  e x a m i n e  
t h e  p o s s i b i l i t y  o f  exon  d u p l i c a t i o n s .
I n  o u r  DMD/BMD p a t i e n t s  21 (51%) were fo u n d  h a v i n g  exon 
d e l e t i o n s ,  and 11 o u t  o f  21 d e l e t i o n  p a t i e n t s  (52%) had  unknown 
d e l e t i o n  l i m i t s  w i t h  t h e s e  m u l t i p l e  PCR e x a m i n a t i o n s .
We o u g h t  t o  have  done more exon  d e l e t i o n  a n a l y s i s  o f  t h e  
d y s t r o p h i n  gene t o  d e t e c t  t h e s e  unknown d e l e c t i v e  l i m i t s .
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F i g .  5. A n a l y s i s  o f  d y s t r o p h i n  gene  m u l t i p l e  p o l y m e r a s e  c h a i n  
r e a c t i o n  / P C R /  w i t h  p r i m e r s  d e s c r i b e d  by C h a m b e r l a i n  e t  
a l .  / 3 / .  Lan e  1: H i n f  I - d i g e s t e d  0x174 DNA m a r k e r ,
samp les  i n  l a n e s  2 -15 show t h e  p r o d u c t  o f  14 PCR 
r e a c t i o n  d e l e t e d  f o r  one o r  two  e xons  / е /  i n  some 
c a se s .  B a n d s :  547 bp / е 4 5 / ,  5 0 6 b p / e 4 8 / ,  4 5 9 b p / e l 9  / ,
4 1 6 b p / e l 7 / ,  3 6 0 b p / e 8 / ,  2 6 8 b p / e 4 4 /
I n  th e  o t h e r  p a t i e n t s  the  c a u s a t i v e  m u t a t i o n  r e m a i n e d  
unknown (20 c a s e s ) .  These n o n d e l e t i o n  DMD/BMD p a t i e n t s ’ 
f a m i l i e s  a l s o  r e q u i r e  t h e  d e t e c t i o n  o f  m u t a t i o n s  i n  a f f e c t e d  
s u b j e c t s  to  f a c i l i t a t e  p r e v e n t i o n  f o r  f e m a l e  r e l a t i v e s .
Compar ison  o f  t h e  s i t e  o r e x t e n t  o f  exon  d e l e t i o n s  t o  t h e  
s e v e r i t y  s c o r e s  o f  t h e  d i s e a s e  ( I  t o  I V ) ,  i n  some c a s e s ,  seems 
t o  s u p p o r t  th e  f r a m e s h i f t  h y p o t h e s i s  / 1 ,  4 - 6 ,  8, 9 / .
F o r  examp le :  d e l  4 5 - 4 8  ( s c o r e  I I ,  p a t i e n t  i s  29 y e a r s  o l d )  
( i n  f rame  m u t a t i o n ) ,  d e l  43 -44 ( s c o r e  I V ,  p a t i e n t  i s  13 y e a r s  
o l d )  ( o u t  o f  f r a m e  m u t a t i o n ) .  In  t h e  f u t u r e  we have t o  c o m p l e t e  
o u r  i n v e s t i g a t i o n s  w i t h  d y s t r o p h i n  and  mRNA e x a m i n a t i o n s  f r o m  
m u s c l e  b i o p s i e s  t o  a n a l y s e  t h e  f r a m e s h i f t  h y p o t h e s i s  i n  o u r  
d e l e t i o n  DMD/BMD p a t i e n t s .  The c o m b i n a t i o n  o f  genomic  d e l e t i o n  
a n a l y s i s  and d i r e c t  d y s t r o p h i n  a n a l y s i s  a l l o w s  t h e  m a x i m a l  
d i a g n o s t i c  and p r o g n o s t i c  a c c u ra c y  even  b e f o r e  th e  o n s e t  o f  any 
c l i n i c a l  symptoms.
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FUNCTIONAL AND METABOLIC CHARACTERISTICS OF TOXIC 
POLYMORPHONUCLEAR NEUTROPHIL GRANULOCYTES IN  NEONATES WITH
BACTERIAL INFECTION
M. CHABIOR
/
D e p a r t m e n t  o f  t h e  P e d i a t r i c s ,  M e d i c a l  S c h o o l  o f  Gdansk ,  P o la n d  
R e c e i v e d  13 J a n u a r y  1993
The f u n c t i o n  o f  t o x i c  n e u t r o p h i l s  f r o m  n e o n a t e s  w i t h  
d i f f e r e n t  b a c t e r i a l  i n f e c t i o n  was s t u d i e d  by i n  v i t r o  
d e t e r m i n a t i o n  o f  t h e i r  l o c o m o t i o n ,  a d h e s i o n ,  
p h a g o c y t o s i s  and b a c t e r i a l  k i l l i n g ,  as w e l l  as by some 
enzymes a c t i v i t y  and s u p e r o x i d e  g e n e r a t i o n .  The r e s u l t s  
were  compared  w i t h  a g ro up  o f  t h e  r e m a i n i n g  p a t i e n t s  
and s e v e r e l y  i l l  n e o n a t e s  w i t h o u t  m e t a b o l i c  changes  i n  
n e u t r o p h i l s .  The e x i s t e n c e  o f  s t r o n g  c o n n e c t i o n  be tw een  
s e v e r e  c l i n i c a l  s t a t e  and t h e  p r e s e n c e  o f  t o x i c  
n e u t r o p h i l s  was p r o v e d .  M o r p h o l o g i c a l l y  changed  c e l l s  
had l o w e r  p h a g o c y t o s i s  o f  l a t e x  p a r t i c l e s  and S. a u r e u s  
as w e l l  as random m i g r a t i o n .  The d e c r e a s e  o f  
b a c t e r i c i d a l  f u n c t i o n  and C h e m o t a x i s  was l e s s  s t r i k i n g .  
These a l t e r a t i o n s  i n  t h e  f u n c t i o n  a p p e a re d  t o  be 
i n t r i n s i c  t o  t h e  c e l l  p o p u l a t i o n .  Sera f r o m  p a t i e n t s  
w i t h  and w i t h o u t  t o x i c  n e u r o p h i l s  showed s i m i l a r  
o p s o n i c  and c h e m o t a c t i c  a c t i v i t y .  I n  t h e  compared  
g r o u p s  no a c t i v i t y  o f  i n h i b i t o r  and i n a c t i v a t o r  o f  
l o c o m o t i o n  was p r o v e d .
The o b s e r v a t i o n  t h a t  t o x i c  n e u t r o p h i l s  have  
h a n d i c a p p e d  b a s i c  f u n c t i o n  s u g g e s t  t h a t  c a r e f u l  r e v i e w  
o f  t h e  b l o o d  smear may d e c i d e  a b o u t  t h e  c h o i c e  o f  
c o m p l e m e n t a r y  t r e a t m e n t  o f  s t r e s s e d  n e o n a t e s .
INTRODUCTION
T o x i c  p o l y m o r p h o n u c l e a r  n e u t r o p h i l  g r a n u l o c y t e s  (TPMN) a r e  
c h a r a c t e r i z e d  by t h e  p r e s e n c e  o f  t o x i c  g r a n u l e s ,  D öh le  b o d i e s ,  
c y t o p l a s m i c  v a c u o l i z a t i o n  and i n c r e a s e d  a f f i n i t y  f o r  Romanovsky 
d y e s .  They a r e  seen i n  many d i s o r d e r s  b u t  most  f r e q u e n t l y  
a p p e a r  d u r i n g  s e r i o u s  b a c t e r i a l  i n f e c t i o n  / 1 3 ,  1 6 / .  From t h e  
c l i n i c a l  p o i n t  o f  v i e w ,  t o x i c  c h a n g e s  i n  p o l y m o r p h o n u c l e a r  
n e u t r o p h i l  g r a n u l o c y t e s  (PMN) a r e  i n d i c a t i o n  o f  i n f l a m m a t o r y  
p r o c e s s ,  s e v e r i t y  o f  t h e  d i s e a s e  and o f  p o o r  p r o g n o s i s .
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I t  has been d e m o n s t r a t e d  t h a t  b a c t e r i a l  i n f e c t i o n  i t s e l f ,  
may i n f l u e n c e  PMNs f u n c t i o n  and a c t i v i t y  o f  h u m o r a l  f a c t o r s  / 1 ,  
9 ,  12 ,  1 5 / .  I n  n e o n a t e s ,  d u r i n g  t h e  s t r e s s  and i n f e c t i o n ,  even 
a d e q u a t e  numbers o f  p h a g o c y t e s  may be i n s u f f i c i e n t  t o  m a i n t a i n  
p r o p e r  h o s t  d e f e n s e ,  because  o f  t h e i r  i m p a i r e d  f u n c t i o n .  I h e s e  
i n c l u d e  d e c r e a s e d  d e f o r m a b i l i t y , C h e m o t a x i s ,  p h a g o c y t o s i s ,  
b a c t e r i a l  c e l l  k i l l i n g ,  d e c r e a s e d  o x i d a t i v e  m e t a b o l i s m  l i k e w i s e  
h u m o r a l  f a c t o r s  a c t i v i t y  / 1 0 / .
I t  i s  l i k e l y  t h a t  t h e  p r e s e n c e  o f  IPMNs may be r e s p o n s i b l e  
f o r  d e c r e a s e d  n o n s p e c i f i c  h o s t  d e f e n s e .  I h e  a l t e r a t i o n s  i n  
m e t a b o l i s m  were a l r e d y  r e p o r t e d  i n  m o r p h o l o g i c a l l y  changed  
p h a g o c y t e s  / 8 ,  1 3 / .  H owe ve r ,  i t  i s  n o t  c l e a r  i f  m o r p h o l o g i c a l  
c h a n g e s  i n  p h a g o c y t e s  a r e  r e l a t e d  t o  t h e i r  i m p a i r e d  f u n c t i o n .
I n  t h i s  a r t i c l e  m e t a b o l i c  and f u n c t i o n a l  d i f f e r e n c e s  be tween 
t o x i s  and n o n - t o x i c  PMNs i s o l a t e d  f r o m  n e o n a t e s  w i t h  b a c t e r i a l  
i n f e c t i o n s  a re  p r e s e n t e d .
MATERIAL AND METHODS
51 n e o n a te s  w i t h  d i f f e r e n t  b a c t e r i a l  i n f e c t i o n s  m e d i c a t e d  i n  
t h e  D e p a r tm e n t  o f  P e d i a t r i c s  f r o m  197 8 -1 9 8 1  and 1 9 8 4 - 1 9 8 9  were 
s e l e c t e d  f o r  t h e  s t u d y .  D e t a i l e d  p a t i e n t  d e s c r i p t i o n  i s  shown 
i n  T a b l e  I .  The c r i t e r i a  f o r  p r o v e d  b a c t e r i a l  i n f e c t i o n  were 
b a s e d  on c u l t u r e  f i n d i n g s  o f  b l o o d ,  CSF, u r i n e ,  p l e u r a l  f l u i d  
a n d / o r  t r a c h e a l  a s p i r a t e .  I h e s e  c o n f i r m e d  18 cases  o f  s e p s i s ,  
17 o f  u r i n e  t r a c t  i n f e c t i o n ,  9 o f  b a c t e r i a l  m e n i n g i t i s ,  and 7 
o f  p u r u l e n t  p n e u m o n i a ,  a l l  c a u s e d  by b o t h  gram p o s i t i v e  (20 
i n f a n t s )  and gram n e g a t i v e  o r g a n i s m s  (31  i n f a n t s ) .  None o f  th e  
51 p a t i e n t  d i e d .  A l t h o u g h  a l l  p a t i e n t s  were  a c u t e l y ,  i l l  t h e y  
w e r e  i n  d i f f e r e n t  c l i n i c a l  s t a t e  when s t u d i e d .  C h i l d r e n  were 
d i v i d e d  a c c o r d i n g  t o  s e v e r i t y  o f  c l i n i c a l  symptoms o f  
i n f e c t i o n .  I n  a d d i t i o n  t o  l a b o r a t o r y  i n v e s t i g a t i o n s  ( a c i d - b a s e  
b a l a n c e ,  c o a g u l a t i o n  p r o f i l e ,  h e p a t i c  f u n c t i o n )  c l a s s i f i c a t i o n  
o f  t h e  s e v e r i t y  o f  t h e  d i s e a s e  was based  on d i s t u r b a n c e s  o f  
t h e r m o r e g u l a t i o n  r e s p i r a t i o n  and c i r c u l a t i o n ,  e n l a r g e d  l i v e r  
and  s p l e e n ,  as w e l l  as p r e s e n c e  o f  shock  and a l t e r e d  
c o n s c i o u s n e s s .  P a t i e n t s  who p r e s e n t e d  d i s t u r b a n c e s  o f  more th a n  
one  v i t a l  f u n c t i o n s  were  c o n s i d e r e d  as s e v e r e l y  i l l .  I h i r t y -  
t h r e e  i n f a n t s  were  c l a s s i f i e d  as h a v i n g  s e v e r e  and 18 h a v i n g  
m i l d  p r e s e n t a t i o n  o f  i n f e c t i o n .  I h e  s t u d i e s  o f  PMNs f u n c t i o n  
and  m e t a b o l i s m  were  p e r f o r m e d  d u r i n g  a c u t e  phase  o f  d i s e a s e .
TABLE I
C l i n i c a l  c h a r a c t e r i s t i c s  of  neonates w i th  conf i rmed b a c te r ia l  i n f e c t i o n
Type of  i l l n e s s  Number of  pa t i en ts  
e t i o l o g i c a l  agent sex
Age at  i n f e c t i o n  
months 
mean (range)
C l i n i c a l  s tatus WBC
x l 0 3//ul 
mean (range)
PMNs #  
xlOV/ul  
mean (range) 
% o f  PMNs
Sepsis /1 8 /
St.aureus / 1 0 /
E . c o l i  / 6 /
Salm.paratyphi  type В/1/  
Flavobacter ium / 1 /
14M, 4F 4.5 (1-12) severe -  18 
mi ld  -  0
16.4 (6.8 -  24.0) 10.3 (3 .3 -16 .3 )  
61.4%
Urinary t ra c t  
infections /1 7 /
E .c o l i  / 9 /
P r .m i r a b i l i s  / 7 /
Group В Streptococcus / 1 /
14M, 3F 5.1 (1-12) severe -  2 
mi ld -  15
10.1 (4 .8 -12 .3) 4.8 ( 2 .0 -7 .6 )  
48.4%
Meningitis / 9 /
Meningococcus / 3 /  
Pneumococcus / 4 /
Salm. e n t e r i t i d i s  / 1 /  
St .  aureus / 1 /
7M, 2F 5.2 (1-12) severe'  -  8 
mi ld -  1
14.4 (8 .6 -22 .0) 8.3 (4 .6 -14 .0 )  
58.2%
Pneumonia / 6 /
St .  aureus / 6 /
3M, 3F 7.1 (3-12) severe -  5 
mi ld  -  1
17.8 (10.0 -22 .0 ) 12.2 (5 .9 -14 .0 )  
68.8%
Diarrhoea
Salm.paratyphi  type В/1/
1M 3.0 mi ld  -  1 14.2 о 7Л  50%
Total /5 1 / 39M, 12F 5.4 (1-12) severe -  33 
mi ld  -  18
14.6 (4 .8 -24 .0 ) 8.5 (3 .3 -16 .3)  
57.3%
M -  male; F -  female 4^sl
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L a b o r a t o r y  p r o c e d u r e s
5 ml b l o o d  s a m p l e s  were t a k e n  by v e n i p u n c t u r e .  CBC c o u n t s  
w e r e  p e r f o r m e d  a u t o m a t i c a l l y .  On ea ch  p a t i e n t s  t h r e e  p e r i p h e r a l  
b l o o d  smears w ere  s e l e c t e d  f o r  d e t a i l e d  m o r p h o l o g i c a l  r e v i e w ,  
and  1 0 0 - c e l l  d i f f e r e n t i a l  c o u n t s  w e re  p e r f o r m e d  by one o f  t h e  
i n v e s t i g a t o r s  ( C e l i n s k a  W., P r o f .  o f  h a e m a t o l o g y ) ,  who was 
u n a w a r e  o f  t h e  c l i n i c a l  s t a t u s  o f  t h e  p a t i e n t ,  o r  c u l t u r e  
r e s u l t s  o f  t h e  i n f e c t i o n  e v a l u a t i o n .  I n  a d d i t i o n  t o  d i f f e r e n t  
c o u n t s ,  th e  p r e s e n c e  o f  t o x i c  g r a n u l a t i o n ,  D o h le  b o d i e s ,  
v a c u o l i s a t i o n  were  n o t e d  on 100 PMNs.
I s o l a t i o n  o f  PMNs
F o r  a l l  f u n c t i o n a l  s t u d i e s  t h e  PMNs were  i s o l a t e d  by met hod  
d e s c r i b e d  by Boyum. The PMNs were  washed  t w i c e  and s u s p e n d e d  i n  
t h e  medium c o n t a i n i n g  140 mM N a C l ,  and 5 mM T r i s / H C l  pH 7 , 4  t o  
a f i n a l  c o n c e n t r a t i o n  0 . 5 -  1 . 5  x 1 0 '  c e l l s / m l .  The p u r i t y  o f  
t h e  PMNs p r e p a r a t i o n  was 95+2%. C e l l u l a r  v i a b i l i t y  as 
d e t e r m i n e d  w i t h  1% T r y p a n  b l u e  dye  was 95%.
Random m i g r a t o n  and C h e m o ta x i s  was measured by m o d i f i c a t i o n  
o f  t h e  B o y d e n 's  m e th od  / 4 ,  1 8 /  w h i c h  emp loyed p a r a b i o t i c  
c h a m b e r s  s e p a r a t e d  by 3 u M i l l i p o r e  f i l t e r .  The c h e m o t a c t i c  
f a c t o r  o f  c o m p l e m e n t a r y  d e r i v a t i o n  was o b t a i n e d  f r o m  t h e  
m i x t u r e  o f  1 ml  5% n o rm a l  human a l b u m i n ,  0 .4  ml AB s e ru m  o f  
h e a l t h y  do n o rs  and 0 . 2  ml r a b b i t  a n t i  human serum a l b u m i n .  The 
m i x t u r e  was n o t  c h e m o t a c t i c  i n  t h e  a b s e n c e  o f  a n t i g e n ,  a n t i b o d y  
o r  c o m p l e m e n t .  C e l l s  m i g r a t i n g  t o  t h e  u n d e r s u r f a c e  o f  t h e  
f i l t e r  were e n u m e r a t e d  by phase  m i c r o s c o p y  u s i n g  o v u l a r  g i r d  
( 7 x 7  mm) w i t h  4 0 0 - f o l d  m a g n i f i c a t i o n .  The r e s u l t s  were  
e x p r e s s e d  as t h e  mean number o f  c e l l s  pe r  o c u l a r  g i r d  a f t e r  
c o u n t i n g  10 r a n d o m l y  s e l e c t e d  f i e l d s  ( H P F ) .
P h a g o c y t i c  and b a c t e r i c i d a l  a c t i v i t i e s  were d e t e r m i n e d  by 
m o d i f i c a t i o n  o f  t h e  m i c r o m e t h o d  d e s c r i b e d  by Forman / 3 / ,  u s i n g  
S t a p h y l o c o c c u s  a u r e u s  Cowan 1 as t h e  t e s t  m i c r o o r g a n i s m .  The 
a s s a y  was a c c o m p l i s h e d  by m i x i n g  0 . 1  ml  o f  PMN s u s p e n s i o n  w i t h  
0 . 1  ml  o f  S t .  a u r e u s  ( S x l O ^ / m l ) ,  0 . 1  ml  o f  p o o l ed  n o r m a l  human 
s e r u m  and s u f f i c i e n t  amount o f  Medium 199 t o  make a t o t a l  
v o l u m e  o f  0 . 5  m l .  The p l a s t i c  t u b e s  c o n t a i n i n g  t h i s  m i x t u r e  
w e r e  t h e n  r o l l e d  a t  10 RPM i n  a 37 °C i n c u b a t o r .  Sample s  were  
r e m o v e d  i m m e d i a t e l y  a f t e r  2 h o u r s  i n c u b a t i o n  and t h e  numb er  o f  
s u r v i v i n g  b a c t e r i a  was d e t e r m i n e d .  Q u a n t i t a t i o n  o f  v i a b l e  
b a c t e r i a  was made by u t i l i z i n g  a s t a n d a r d  p u re  p l a t e  t e c h n i q u e .  
The r e s u l t s  were  e x p r e s s e d  as p e r  c e n t  o f  th e  " 0 "  t i m e  s a m p l e  
o f  b a c t e r i a  t h a t  w e r e  i n g e s t e d  and t h e  p e r c e n t a g e  o f  t h e  
i n g e s t e d  b a c t e r i a  t h a t  were  k i l l e d .
M e a s u r e m e n t  o f  s u p e r o x i d e  a n i o n
The g e n e r a t i o n  o f  s u p e r o x i d e  a n i o n  by PMNs was e s t i m a t e d  by 
a m o d i f i c a t i o n  o f  t h e  method  d e s c r i b e d  by M a r k e r t  and B a b i o r  e t  
a l .  / 1 4 / .  In  t h i s  a s s a y  t h e  s u p e r o x i d e  d i s m u t a s e  -  i n h i b i t a b l e  
r e d u c t i o n  o f  c y t o c h r o m  C by t h e  i n t a c t  PMNs -  was t h e  m e a s u r e  
o f  s u p e r o x i d e  a n i o n  f o r m a t i o n .  The s t a n d a r d  r e a c t i o n  m i x t u r e  i n  
f i n a l  volume o f  1 . 2  m l ,  c o n t a i n e d  133 mM NaCl ,  6 mM C a C l ,  2 mM
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g l u c o s e ,  5mM T r i s / H C l  pH 7 . 4  1 mg o f  f e r r i c y t o c h r o m  c ,  and 2mg 
o f  o p s o n i z e d  zymosan o r  80mM o f  a r a c h i d o n i c  a c i d  as s t i m u l a n t .  
The r e a c t i o n  was s t a r t e d  by a d d i n g  0 . 1  ml  o f  PMNs s u s p e n s i o n  
and c a r r i e d  o u t  f o r  30 min i n  37 °C .  S p e c t r o p h o t o m e t r i c  
m easu re me nts  were  made w i t h  a P h i l i p s  PU 8700 
s p e c t r o p h o t o m e t e r .  Nanomoles o f  r e d u c e d  c y t o c h r o m e  c were 
d e t e r m i n e d  f r o m  t h e  i n c r e a s e  i n  t h e  a b s o r b a n c e  a t  t h e  maximum 
be tween  543 and 550 nm u s i n g  m o l a r  c o e f f i c i e n t  o f  e x t i n c t i o n  - 
2 1 . 1  mM/cm. The r e s u l t s  a r e  e x p r e s s e d  as nm o l es  / 1 0 °  PMN/30 
mi n .
O t h e r  p r o c e d u r e s  / 3 /
M y e l o p e r o x i d a s e  and a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  i n  PMNs 
were s c o r e d  as d e s c r i b e d  by I n t e r n a t i o n a l  c o m m i t t e e  f o r  
S t a n d a r d i z a t i o n  i n  H a e m a t o l o g y  ( I C S H ) .
P h a g o c y t e  a d h e s i o n  t o  g l a s s  was e v a l u a t e d  i n  w h o l e  b l o o d  by 
t h e  m i c r o m e t h o d  o f  G i f f o r d  and M a l a w i s t a .
S t a t i s t i c a l  a n a l y s i s
A l l  r e s u l t s  w ere  e x p r e s s e d  as mean +_ SEM ( u n l e s s  o t h e r w i s e  
i n d i c a t e d ) .  S t a t i s t i c a l  d i f f e r e n c e s  were d e t e r m i n e d  u s i n g  
n o n p a r a m e t r i c  W i l c o c s o n  t e s t .
RESULTS
I n  21 o u t  o f  51 i l l  n e o n a t e s  TPMNs were p r e s e n t .  T o x i c  
g r a n u l a t i o n  were seen  i n  17 p a t i e n t s ,  c y t o p l a s m i c  v a c u o l e s  i n  
7,  and l i g h t  b l u e  amorphous  i n c l u s i o n s  -  D ö h le  b o d i e s  i n  6 
p a t i e n t s .  Two m o r p h o l o g i c a l  f e a t u r e s  o f  TPMNs were  n o t e d  i n  5 
p a t i e n t s  and t h r e e  f e a t u r e s  i n  2 p a t i e n t s .
In  19 o u t  o f  33 s e v e r e l y  i l l  n e o n a t e s  TPMNs w ere  f o u n d .  In  
n e o n a t e s  w i t h  m i l d  p r e s e n t a t i o n  o f  t h e  i n f e c t i o n  TPMNs were 
fo u n d  o n l y  i n  two  c a s e s  ( T a b l e  I I ) .  We f o u n d  a s t r o n g  p o s i t i v e  
c o r r e l a t i o n  b e tw e e n  t h e  s e v e r i t y  o f  t h e  i l l n e s s  and th e  
p r e s e n c e  o f  TPMNs (X^  = 8 . 5 5 ,  ss = 1 p < 0 . 0 0 4 ) .
I n  T a b l e  I I I  p a r a m e t e r s  d e s c r i b i n g  PMNs f u n c t i o n  d u r i n g  
a c u t e  phase  o f  i n f e c t i o n  a r e  shown.  P h a g o c y t i c  a c t i v i t y  o f  
TPMNs was s i g n i f i c a n t l y  l o w e r  t h a n  t h a t  o f  n o n - t o x i c  PMNs. The 
same was t r u e  f o r  random m i g r a t i o n .  The s t a t i s t i c a l l y  n o t  
s i g n i f i c a n t  b a c t e r i a l  k i l l i n g  and PMN a d h e s i o n  t o  g l a s s  were 
a l s o  d e c r e a s e d ,  i f  compared  t o  n o n - t o x i c  PMNs.
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Ta b le  I I
T o x i c  PMNs i n  r e l a t i o n  t o  c l i n i c a l  s t a t u s
C l i n i c a l  s t a t u s
No.
Severe  
o f  p a t i e n t s
M i l d
No. o f  p a t i e n t s
T o t a l
T o x i c  PMNs
p r e s e n t 19 (3 7 . 3 % ) 2 ( 3 . 9 % ) 21 (4 1 . 2 % )
a b s e n t 14 (2 7 . 5 % ) 16 ( 3 1 . 4 % ) 30 ( 5 8 . 8 % )
T o t a l 33 (6 4 . 7 % ) 18 ( 3 5 . 3 % ) 51 (100%)
N o n - t o x i c  PMNs i s o l a t e d  f rom s e v e r e l y  i l l  n e o n a t e s  have 
d e c r e a s e d  p h a g o c y t i c  a c t i v i t y  b u t  n o t  l o c o m o t i o n  and b a c t e r i a l  
k i l l i n g .  However ,  we d i d  n o t  f i n d  s t a t i s t i c a l  d i f f e r e n c e s  i f  
c o m p a r e d  w i t h  TPMNs.
A c t i v i t y  o f  m y e l o p e r o x i d a s e  and a l k a l i n e  p h o s p h a t a s e  d i d  n o t  
d i f f e r  between t o x i c  and  n o n - t o x i c  PMNs.
G e n e r a t i o n  o f  s u p e r o x i d e  a n i o n  by u n s t i m u l a t e d  n e o n a t e  PMNs 
was dep e n d e n t  on t h e  c l i n i c a l  p r e s e n t a t i o n  o f  i n f e c t i o n .  I t  was 
s i g n i f i c a n t l y  l o w e r  i n  t o x i c  PMNs, and n o n - t o x i c  PMNs t h a n  i n  
s e v e r e l y  i l l  n e o n a t e s  ( T a b l e  I V ) .  S t i m u l a t i o n  w i t h  o p s o n i z e d  
z y m osa n  o r  a r a c h i d o n i c  a c i d  i n c r e a s e d  s u p e r o x i d e  a n i o n  
g e n e r a t i o n  2 -4  f o l d ,  even  so ,  i t  was s i g n i f i c a n t l y  l o w e r  i n  
t o x i c  PMNs and n o n - t o x i c  PMNs th an  i n  s e v e r i t y  i l l  n e o n a t e s .
We a l s o  t e s t e d  w h e t h e r  a l t e r e d  PMNs f u n c t i o n  was due t o  t h e  
c h a n g e s  i n  h u m o r a l  f a c t o r s '  a c t i v i t y  d u r i n g  i n f a c t i o n .  I n  t h e  
p r e s e n c e  o f  i l l  n e o n a t e s  se rum,  as t h e  s o u r c e  o f  c h e m o t a c t i c ,  
o p s o n i z i n g ,  i n h i b i t o r y  and i n a c t i v a t o r y  f a c t o r s ,  we t e s t e d  
c h e m o t a x i s  and p h a g o c y t o s i s  i n  p o l y m o r p h o n u c l e a r  n e u t r o p h i l  
g r a n u l o c y t e s  i s o l a t e d  f r o m  h e a l t h y  d o n o r s .  B o th  c h e m o t a x i s  and 
p h a g o c y t o s i s  o f  h e a l t h y  d ono r  PMNs were  d e c r e a s e d  i n  t h e  
p r e s e n c e  o f  i l l  n e o n a t e s  serum ( d e t a i l e d  d a t a  p r e s e n t e d  
e l s e w h e r e  / 4 / ) .  The d e g r e e  o f  d e c re a s e  was n o t  d e p e n d i n g  on t h e  
p r e s e n c e  o f  t o x i c  PMNs i n  i l l  ne ona te  b l o o d .
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Table I I I
Funct ion of  t o x i c  and non- tox ic  PMNs dur ing acute phase of
i n f e c t i o n
PMNs Toxic Non-toxic Non-toxic
severely i l l a l l  pa t ien ts
Number o f  pa t ien ts 21 14 30
Phagocytosis and
b ac te r ia l
k i l l i n g  ( * )
l a t e x  p o s i t i v e
c e l l s 83.1+11.5 84.9+10.6 94.7+9.7*
St .  aureus
ingested 90.8+6.0 89.5+4.4 94.8+6.2*
St .aureus
k i l l e d 82.1+4.5 89.5+5.1 93.9+6.0
Adhesion to
glass 15.6+9.0 19.0+11.9 20.2+12.5
mean number of
cel ls /HPF
Locomotion
mean number of
cel ls /HPF
random migrat ion 0 .10+0.11 0.38+0.42* 0.41+0.45*
chemotaxis 2.95+3.07 4.47+5.91 3.38+4.29
Enzymes
score
A l k a l in e
phosphatase 245+26 238+21 130+32
Myeloperoxidase 103+37 92+19 120+43
* s t a t i s t i c a l l y  s i g n i f i c a n t  i f  compared to t o x i c  PMNs (p<0.03)
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T a b l e  IV
S u p e r o x i d e  a n i o n  g e n e r a t i o n  i n  t o x i c  and n o n - t o x i c  PMNs d u r i n g  
a c u t e  phase  o f  i n f e c t i o n
PMNs T o x i c N o n - t o x i c N o n - t o x i c
s e v e r e l y  i l l a l l  p a t i e n t s
Number o f  p a t i e n t s 11 3 10
no s t i m u l a t i o n 0 . 5  9 + 0 . 1 1 0 . 2 3  + 0 . 0 2 * 1 . 5  3 + 0 . 3 0 *
o p s o n i z e d  zymosan 1 . 5  5 + 0 . 2  6 1 . 3 5_+0.31 3 .5 8 + ^0 .5 1 *
a r a c h i d o n i c  a c i d 1 . 1 7 + 0 . 2 0 0 . 6 6 + 0 . 2 8 3 . 2 9 + 0 . 5 9 *
V a l u e s  r e p r e s e n t  n m o l e s  o f  re d u c e d  c y t o c h r o m  c / l O ^ 1 c e l l s / 3 0  min 
*  -  s t a t i s t i c a l l y  s i g n i f i c a n t  i f  compa re d  t o  t o x i c  PMNs p < 0 . 0 2
DISCUSSION
T h i s  s t u d y  d e m o n s t r a t e s  t h e  d e f e c t i v e  f u n c t i o n  and oxygen  
m e t a b o l i s m  i n  t o x i c  PMNs i s o l a t e d  f r o m  n e o n a t e s  d u r i n g  a c u t e  
p h a s e  o f  b a c t e r i a l  i n f e c t i o n .  We o b s e r v e d  t o x i c  PMNs i n  21 o u t  
o f  51 n e o n a t e s  d u r i n g  a c u t e  phase  o f  b a c t e r i a l  i n f e c t i o n .  
N i n e t e e n  o f  them w e re  s e v e r e l y  i l l ,  none n e u t r o p e n i c .  I t  
s u g g e s t s ,  t h a t  t h e  d e g e n e r a t i v e  ch a n g e s  i d e n t i f y  i n  more e x t e n d  
t h e  s e v e r i t y  o f  c l i n i c a l  s t a t u s  t h a n  t h e  d i s e a s e  i t s e l f .
The wo rks  o f  Z i e v e  e t  a l .  / 1 6 /  and C he n g - H u r d  L i u  e t  a l .  / 5 /  
i n d i c a t e  t h a t  t o x i c  PMNs a re  u s e f u l  i n  e a r l y  d e t e c t i o n  o f  
n e w b o r n s '  b a c t e r i a l  i n f e c t i o n .  I n  o u r  o b s e r v a t i o n s  we d i d  n o t  
se e  t h e  c o r r e l a t i o n  b e tw e e n  t h e  o n s e t  o f  t h e  d i s e a s e  and 
a p p e a r a n c e  o f  t o x i c  PMNs.
The a l t e r e d  PMNs f u n c t i o n  i s  c h a r a c t e r i s t i c  f o r  b a c t e r i a l  
i n f e c t i o n s  o f  ne w b o r n  i n f a n t s  / 9 ,  10,  1 1 / .  R ecen t  w o r k s  p r o v e  
t h a t  t h e  p e r t u r b a t i o n  m a i n t a i n s  f o r  o v e r  one month  o f  l i f e  and 
d e p e n d s  on t h e  s e v e r i t y  o f  c l i n i c a l  s t a t e ,  on t h e  s t a g e  o f  
i l l n e s s  and c o n c e r n s  a l m o s t  e v e r y  a s p e c t  o f  t h e  immune s y s te m  
/ 2 ,  4 ,  7 / .  W h i l e  e x a m i n i n g  t h e  r e a s o n s  o f  t h e  a b o v e - m e n t i o n e d  
b i o l o g i c a l  e v e n t s  a l s o  t h e  p r e s e n c e  o f  c y t o p l a s m i c  c h a n g e s  i n
Toxic neutrophil 237
i n d i v i d u a l  PMNs i s  t a k e n  i n t o  a c c o u n t  / 2 ,  19 / .  The a b s e n c e  o r  
l i t t l e  number o f  p a t i e n t s  w i t h o u t  t o x i c  g r a n u l a t i o n s  i n  PMNs 
makes t h e  i n t e r p r e t a t i o n  o f  th e  r e s u l t s  v e r y  d i f f i c u l t  / 1 7 / .
Our e x a m i n a t i o n s  p r o v e  t h a t  t h e  e x i s t e n c e  o f  t o x i c  
g r a n u l a t i o n s  i n  PMNs d e c r e a s e  i n  v i t r o  p h a g o c y t o s i s  f u n c t i o n  
and t h e  a b i l i t y  o f  random m i g r a t i o n .  Lower  b a c t e r i c i d a l  
a c t i v i t y  a d h e s i o n  t o  g l a s s  and C h e m o t a x i s  o f  TPMNs was l e s s  
s t r i k i n g .  These a l t e r a t i o n s  i n  t h e  f u n c t i o n  o f  t o x i c  PMNs 
a p p e a r e d  t o  be i n t r i n s i c  t o  t h e  c e l l  p o p u l a t i o n .
The a b o v e - m e n t i o n e d  f a c t s  n o t  o n l y  c o n f i r m ,  b u t  t o  a g r e a t e r  
d e g r e e  e x t e n d  t h e  i n f o r m a t i o n  o f  Me C a l l ,  who s t a t e d  t h a t  s e r a  
f r o m  t h r e e  p a t i e n t s  w i t h  PMNs had no e f f e c t  on c h e m o t a c t i c  
a c t i v i t y  o f  c o n t r o l  l e u k o c y t e s  / 1 6 / .
The a l t e r e d  PMNs f u n c t i o n  i n  t h e  y o u n g e s t  g r o u p s  o f  age i n  
t h e  a c u t e  s t a g e  o f  b a c t e r i a l  i n f e c t i o n  i s  e x p l a i n e d  t o  some 
e x t e n t  / 9 ,  1 0 / .  Though  g r e a t e r  d e f e c t  o f  m i g r a t i o n  and 
p h a g o c y t o s i s  i n  TPMNs s t i l l  re m a in s  u n c l e a r .
One p o s s i b i l i t y  i s  t h a t  f u n c t i o n a l  p o t e n t i a l  o f  TPMNs i s  
e x h a u s t e d  even t h o u g h  t h e  c e l l  r e m a i n s  v i a b l e .  I t  i s  i n d i c a t e d  
by s p o n t a n e o u s  d e g r a n u l a t i o n  and v a c u o l i z a t i o n  i f  a l a r g e  dose 
o f  e n d o t o x i n  i s  used  o f  a f t e r  i n g e s t i o n  o f  many b a c t e r i a .
Some a u t h o r s  e m p h a s i z e  t h e  i n c r e a s e  o f  s t i c k n e s s  i n  such 
ch anged  c e l l s  f o l l o w e d  by t h e  d e c r e a s e  o f  m i g r a t i o n  and 
p h a g o c y t o s i s  / 8 / .  A l s o  t h e  d i s s o c i a t i o n  be tw e e n  c y t o p l a s m i c  and 
n u c l e a r  m a t u r i t y  may e x i s t  i n  TPMNs. C e r t a i n  c h a r a c t e r i s t i c s  
t h a t  have  been i d e n t i f i e d  i n  t h e  c y t o p l a s m  o f  TPMNs w i t h  
s e g m en te d  n u c l e i  r e s e m b l e  t h e  c y t o p l a s m  o f  m e t a m y e l o c y t e s  and 
m y e l o c y t e s  / 1 3 ,  1 6 / .
I n  t h e  s t u d y  i t  i s  shown t h a t  t h e  a c t i v i t i e s  o f  exa m in e d  
enzymes a re  s i m i l a r  i n  PMNs o f  com pa re d  g r o u p s .  So i t  i s  
d o u b t f u l ,  i f  t h e r e  i s  d i r e c t  c o n n e c t i o n  be tw een t h e  g r e a t  
a c t i v i t y  o f  a l k a l i n e  p h o s p h a t a s e  and w i t h  t h e  p r e s e n c e  o f  TPMNs 
and t h e  d i s p a i r e d  f u n c t i o n  o f  t h e  c e l l .  T h i s  enzyme i s  a p a r t  
o f  s e c o n d a r y  g r a n u l e s  o f  w h ic h  t h e  number  and s i z e  seems t o  be 
u n c hanged  i n  TPMNs / 3 ,  1 3 / .  A l s o  low a c t i v i t y  o f  
m y e l o p e r o x i d a s e  o b s e r v e d  i n  b a c t e r i a l  i n f e c t i o n  i n  n e o n a t e s  i s  
n o t  c h a r a c t e r i s t i c  f o r  TPMNs. Now i t  i s  shown t h a t  s o - c a l l e d
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h i g h  p e r o x i d a s e  a c t i v i t y  (HPX) c o r r e l a t i n g  w i t h  t h e  p r e s e n c e  o f  
TPMNs i s  p r o d u c e d  n o t  by an i n c r e a s e  i n  c e l l u l a r  
m y e l o p e r o x i d a s e  b u t  r a t h e r  by an a l t e r a t i o n  i n  i t s  d i s t r i b u t i o n  
w i t h i n  th e  p h a g o c y t e s  / 2 0 / .
I n  th e  p r e s e n t  s t u d y  we have shown t h a t  t h e  p r o d u c t i o n  o f  
S u p e r o x i d e  a n i o n  by TPMNs i s  s i g n i f i c a n t l y  l o w e r  t h a n  i n  non-  
t o x i c  ones.  I t  i s  i n  agree men t  w i t h  t h e  f i n d i n g s  o f  o t h e r  
a u t h o r s  who o b s e r v e d  t h e  a l t e r a t i o n  o f  c e l l u l a r  m e t a b o l i s m  due 
t o  m o r p h o l o g i c a l  c h a n g e s  / 2 ,  3,  8 / .
U n t i l  now t h e  f u n c t i o n  o f  TPMNs was e s t i m a t e d  i n  r e f e r e n c e  
t o  h e a l t h y  d o n o rs  n o t  t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  r o l e  o f  t h e  
i n f e c t i o n  i t s e l f .  T h i s  f a c t  i s  o f  s p e c i a l  i m p o r t a n c e  i n  t h e  
y o u n g e s t  g roup o f  age  where  th e  d e c r e a s e  o f  c e l l u l a r  m e t a b o l i s m  
and  th e  a l t e r a t i o n  o f  b a s i c  f u n c t i o n s  o f  p r o f e s s i o n a l  
p h a g o c y t e s  a re  n o t  n e c e s s a r i l y  a c c o m p a n i e d  by t o x i c  c h a n g e s .
I n  c o n c l u s i o n ,  c a r e f u l  r e v i e w  o f  t h e  b l o o d  smear  can be 
p e r f o r m e d  e a s i l y  and  w i l l  p r o v i d e  a d j u n c t i v e  i n f o r m a t i o n  
c o n c e r n i n g  t h e  n e o n a t e  s u s p e c t e d  o r  h a v i n g  b a c t e r i a l  i n f e c t i o n  
/ 5 / .
The e s t i m a t i o n  o f  f u n c t i o n  and m e t a b o l i s m  o f  p r o f e s s i o n a l  
p h a g o c y t e s  i s  more d i f f i c u l t  and can  be done o n l y  i n  few 
c e n t r e s  / 2 ,  3,  1 7 / .  The o b s e r v a t i o n  t h a t  TPMNs have  
s i g n i f i c a n t l y  d i m i n i s h e d  a b i l i t i e s  f o r  l o c o m o t i o n ,  p h a g o c y t o s i s  
and  r e s p i r a t o r y  b u r s t  s u g g e s t  t h a t  s i m p l e  l a b o r a t o r y  t e s t  may 
d e c i d e  ^b ou t  t h e  c h o i c e  o r  c o n t i n u a t i o n  o f  c o m p l e m e n t a r y  
t r e a t m e n t  o f  b a c t e r i a l  i n f e c t i o n s  i n  n e o n a t e s .
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SERUM CERULOPLASMIN LEVEL IN OFFSPRING OF PARENTS SUFFERING 
FROM EARLY CORONARY HEART DISEASE
K l á r a  M I H A I 1 , T. JANCSÓ2 , S. TIMÄR3
^ P u b l i c  H e a l t h  S e r v i c e  and D e p a r t m e n t  o f  ^ L a b o r a t o r y  and 
^ C a r d i o l o g y  o f  C oun ty  H o s p i t a l  B á c s - K i s k u n ,  Ke cske m é t ,  H u n g a r y
R e c e i v e d  5 A p r i l  1993
Serum c e r u l o p l a s m i n ,  as e x t r a c e l l u l a r  a n t i o x i d a n t ,  
was d e t e r m i n e d  i n  67 h e a l t h y  c h i l d r e n  and i n  95 
o f f s p r i n g  o f  p a r e n t s  who have had an a c u t e  m y o c a r d i a l  
i n f a r c t i o n  b e f o r e  t h e  age o f  45 .  An a g e - d e p e n d e n t  
r e d u c t i o n  was d e t e c t e d  i n  e n d a n g e r e d  b o y s .  H o w e v e r ,  
a u t h o r s  d i d  n o t  f i n d  s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e  i n  c e r u l o p l a s m i n  l e v e l  be tween  t h e  a f f e c t e d  
c h i l d r e n  and c o n t r o l  s u b j e c t s .  A s i g n i f i c a n t  n e g a t i v e  
l i n e a r  c o r r e l a t i o n  was p r o v e n  be tween t h e  serum 
c e r u l o p l a s m i n  and h i g h - d e n s i t y  l i p o p r o t e i n - c h o l e s t e r o l  
l e v e l  i n  sons  o f  p a r e n t s  w i t h  e a r l y  a c u t e  m y o c a r d i a l  
i n f a r c t i o n .  The r e s u l t s  o f  t h i s  s t u d y  s u g g e s t  t h e  
a p p e a r a n c e  o f  a l t e r a t i o n  i n  t h e  a s s o c i a t i o n  b e tw e e n  
c e r u l o p l a s m i n  and l i p i d s  i n  boys  o f  p a r e n t s  s u f f e r i n g  
f r o m  p r e m a t u r e  c o r o n a r y  h e a r t  d i s e a s e .
INTRODUCTION
More  th a n  h a l f  o f  a l l  d e a t h  i n  H ungar y  a r e  a t t r i b u t e d  t o  
c a r d i o v a s c u l a r  d i s e a s e s .  I t  seems v i t a l  t o  know more o f  i t s  
d e v e l o p m e n t  and i t s  v a r i o u s  r i s k  f a c t o r s .  S e v e r a l  i n v e s t i g a t o r s  
have  s u g g e s t e d  t h a t  f r e e  r a d i c a l  r e a c t i o n s  p l a y  an i m p o r t a n t  
r o l e  i n  t h e  p a t h o g e n e s i s  o f  a t h e r o s c l e r o s i s  / 8 ,  12 ,  1 4 / ,  and i n  
t h e  d e v e l o p m e n t  o f  m a n i f e s t  c a r d i o v a s c u l a r  d i s e a s e s  s uch  as 
a c u t e  m y o c a r d i a l  i n f a r c t i o n  / 6 ,  1 6 / .  C e l l s  and t i s s u e s  a re
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p r o t e c t e d  a g a i n s t  o x i d i s i n g  f r e e  r a d i c a l s  by a c o m p l e x i t y  
o f  a n t i o x i d a n t  m e c h a n i s m  / 5 / .  C e r u l o p l a s m i n  (CP) i s  one o f  t h e  
m a i n  serum a n t i o x i d a n t s  / 2 ,  4 / .  The a im o f  t h e  p r e s e n t  s t u d y  
was t o  examine  t h a  c o n c e n t r a t i o n  o f  se ru m CP i n  c h i l d r e n ,  whose 
p a r e n t s  had an a c u t e  m y o c a r d i a l  i n f a r c t i o n  (A MI )  b e f o r e  t h e  age 
o f  45 .
MATERIALS AND METHODS
T o t a l  se rum c h o l e s t e r o l  (TC)  and serum l i p o p r o t e i n -  
c h o l e s t e r o l  f r a c t i o n s  and CP l e v e l s  w ere  measured  i n  67 h e a l t h y  
c h i l d r e n ,  48 b oys  and  19 g i r l s ,  w i t h o u t  any f a m i l y  h i s t o r y  o f  
c o r o n a r y  h e a r t  d i s e a s e  (CHO),  as c o n t r o l s ,  and 95 o f f s p r i n g ,  40 
b o y s  and 55 g i r l s ,  o f  p a r e n t s  s u f f e r i n g  f r o m  p r e m a t u r e  CHD 
( P C H D ) .  The age d i s t r i b u t i o n  o f  e x a m i n e d  c h i l d r e n  i s  shown i n  
T a b l e  I .
TABLE I
Age and sex d i s t r i b u t i o n  o f  c h i l d r e n  i n v e s t i g a t e d  
Number o f  c h i l d r e n
C o n t r o l  R i s k  g r o u p
Age
( y e a r s )
Boys G i r l s Boys and 
G i r l s
Boys G i r l s Boys and 
G i r l s
3 - 1 4 7 7 14 23 29 52
1 5 - 1 8 41 12 53 17 26 43
3 - 1 8 48 19 67 40 55 95
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A l l  c h i l d r e n  a re  f r o m  d i f f e r e n t  p a r e n t s .
B lo o d  samp le s  were  t a k e n  by v e n e p u n c t u r e  a f t e r  f a s t i n g  
o v e r n i g h t ,  a t  7 - 8  a .m.  a f t e r  15 m i n u t e  q u i e t  b e d - r e s t .  The 
c h i l d r e n  were a b s t i n e n t .  None o f  them was a s m oke r .  They had no 
m e d i c a t i o n  b e f o r e  t h e  s t a r t  o f  t h e  s t u d y .  Hormo na l
c o n t r a c e p t i v e s  had n o t  been t a k e n .  TC and h i g h - d e n s i t y
l i p o p r o t e i n - c h o l e s t e r o l  (HDL-C)  l e v e l s  i n  serum were  measured  
by e n z y m a t i c  method  (SERA PAK R e a n a l ,  H u n g a r y ) .  HDL-C was 
d e t e r m i n e d  a f t e r  p r e c i p i t a t i o n  w i t h  NaPWO^ and M gC lo .  T o t a l  
t r i g l y c e r i d e  ( T )  was d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y
( T r i g l y c e r i d e  t e s t ,  R e a n a l ,  H u n g a r y ) .  The l o w - d e n s i t y
l i p o p r o t e i n - c h o l e s t e r o l  (L D L -C )  l e v e l  was c a l c u l a t e d  a c c o r d i n g  
t o  F r i e d e w a l d ' s  f o r m u l a  LDL-C = T C - ( T T / 2 . 2 )  -  HDL-C ( m m o l / L ) .  
The d e t e r m i n a t i o n  o f  CP 's  c o n c e n t r a t i o n  was p e r f o r m e d  by a 
p h o t o m e t r i c  m e t h o d .  The CP i n  v i t r o  has a d i a m i n o o x i d a s e  
a c t i v i t y ,  so t h e  c o l o u r l e s s  p - p h e n y l d i a m i n e  i s  o x i d i z e d  t o  a 
b l u e  c o l o u r  p - c h i n o n .  I t s  a b s o r b a n c e  i s  p r o p o r t i o n a l  t o  
c o n c e n t r a t i o n  o f  CP a t  t h e  pH 5 . 6  and 546 nm. A l l  v a l u e s  a re  
e x p r e s s e d  as mean +_ SD. S t a t i s t i c a l  a n a l y s i s  was p e r f o r m e d  by 
S t u d e n t ' s  _t t e s t .  L i n e a r  r e g r e s s i o n  m ode ls  were a p p l i e d  t o
exam in e  t h e  a s s o c i a t i o n  be tw een p a r a m e t e r s .  The s i g n i f i c a n c e  
was d e t e r m i n e d  by t h e  a n a l y s i s  o f  v a r i a n c e  u s i n g  t h e  F_ t a b l e .
K i t s
These were as f o l l o w s :  f r o m  R e a n a l ,  C h o l e s t e r o l  C a t .  No. 
6376 ;  T r i g l y c e r i d e ,  C a t .  No. 7 0 . 8 2 9 - 0 - 8 0 .
RESULTS
T he re  was no s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  be tween 
CP and l i p i d s  i n  p a t i e n t s  ( n e i t h e r  i n  m o t h e r s  no r  i n  f a t h e r s  o f  
ex am in ed  c h i l d r e n )  i n v e s t i g a t e d  a f t e r  a t  l e a s t  6 weeks o f  e a r l y  
AMI,  d i a g n o s e d  by c l i n i c a l  symptoms,  t y p i c a l  ECG c h a n g e s ,  and 
s p e c i f i c  enzyme p a t t e r n s .  The c o n c e n t r a t i o n s  o f  examined  
p a r a m e t e r s  i n  t h e  se rum f r o m  p a r e n t s  a r e  shown i n  T a b l e  I I .
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TABLE I I
Serum l i p i d  and c e r u l o p l a s m i n  l e v e l s  o f  p a r e n t s  i n v e s t i g a t e d
(Mean + SG)
M o t h e r s  F a t h e r s
Number o f  p a r e n t s 13 26
Age ( y e a r s ) 40 .8 + 6 .. 1 41 . 6 + 4 . 6
TC ( m m o l / 1 ) 5 ,.02 + 0 ..68 6 .02 + 1 ,. 4 6 x
HDL-C ( m m o l / 1 ) 1 ,.11 + 0 ., 38 0 .89 + 0 . 1 8 xx
LDL -C ( m m o l / 1 ) 3 . 37 + 0 .. 94 3,.86 + 1 . 55
TT ( m m o l / 1 ) 1 . 48 + 0 ., 72 2 ,.63 + 1 . 2 4 x x x
CP ( g / 1 ) 0 . 615 + 0 .. 206 0 . 592 + 0 . 217
x p < 0 . 0 5 ;  xx p < 0 . 0 2 ;  x xx  p < 0 .01
L i p i d  l e v e l s  i n  t h e  a f f e c t e d  c h i l d r e n  d i f f e r e d  f r o m  t h e s e  
o f  t h e  c o n t r o l s .  The s e r u m  CP l e v e l s  were  l o w e r  i n  boys t h a n  i n  
g i r l s ,  b u t  s i g n i f i c a n t  d i f f e r e n c e s  c o u l d  n o t  be shown.  T h e re  
was no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  CP 
c o n c e n t r a t i o n s  i n  t h e  s t u d y  g ro up  comp ar ed  t o  s e x - m a t c h e d  
c o n t r o l s  ( T a b l e  I I I ) .
TABLE I I I
Serum l i p i d  and ceruloplasmin le v e ls  o f  c h i ld re n  inves t iga ted
(kfean + SD)
Controls Risk Chi ldren
Boys G i r l s Boys and 
G i r l s
Boys G i r l s Boys and 
G i r l s
Number of  
ch i ld re n 48 19 67 40 55 95
TC (mmol/1) 3.75+0.88 3.97+0.82 3.81+0.87 4.28+0.80x 4.54+1.17 4.37+1.15xx
HDL-C (mmol/L) 1 .22+0.20 1.19+0.14 1.20+0.19 1.08+0.31 1.08+0.25 1.08+0.28
LDL-C (mmol/L) 2.19+0.87 2.36+0.84 2.28+0.81 2.89+0.87x 2.95+1.14 2.92+1.03xx
TT (mmol/L) 0.79+0.42 0.90+0.33 0.82+0.40 0.82+0.58 1.14+0.84 1.01+0.75
CP (g /L ) 0.63+0.19 0.70+0.31 0.66+0.23 0.62+0.26 0.67+0.24 0.65+0.25
S i g n i f i c a n t l y  d i f f e r e n t from con t r o ls
XP < 0.01 ; xxp < 0.001
Serum
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There was no s t a t i s t i c a l l y  s i g n i f i c a n t  a s s o c i a t i o n  b e tw e e n  
CP and l i p i d s  i n  h e a l t h y  c h i l d r e n .  CP c o n c e n t r a t i o n  m i n i m a l l y  
enha n ce d  w i t h  a d v a n c i n g  age i n  h e a l t h y  c h i d r e n  b u t  a 
s i g n i f i c a n t  a g e - d e p e n d e n t  d e c r e a s e  i n  CP l e v e l  was seen  i n  sons  
o f  p a r e n t s  w i t h  PCHD (Y = - 5 . 8 6 1 5  . x + 1 6 . 6 7 1 ;  F = 6 . 3 1 ,
p < 0 . 0 2 5 ,  w he re  x = c e r u l o p l a s m i n  l e v e l ) .  A n e g a t i v e  l i n e a r
c o r r e l a t i o n  was p r o v e n  be tw een  CP and HÜL-C l e v e l  
(Y = - 0 . 6 0 4 9  . x + 1 . 4 6 6 3 ;  F = 1 3 . 0 4 2 ,  p < 0 . 0 2 5 )  b o t h  3 t o  14
y e a r - o l d  (Y = - 0 . 6 7 4 2  . x + 1 . 5 9 6 2 ,  F = 9 . 1 2 4 ,  p < 0 . 0 2 5 ) ,  and
15 t o  18 y e a r - o l d  boys  (Y = - 1 . 0 9 7  . x + 1 . 6 0 5 6 ;  F = 1 6 . 8 6 8 ,  
p < 0 . 0 2 5 ,  w h e re  c e r u l o p l a s m i n  = x ) ,  whose p a r e n t s  had an
e a r l y  AMI ( T a b l e s  I V ,  V . ) .  S i g n i f i c a n t  p o s i t i v e  l i n e a r  
c o r r e l a t i o n  was seen  be tw een  serum CP and TT c o n c e n t r a t i o n  i n  3 
t o  14 y e a r - o l d  b o y s  w i t h  a p o s i t i v e  p a r e n t a l  h i s t o r y  o f  PCHD 
(Y = 1 .00 46  . x + 0 . 1 7 5 4 ;  F = 6 . 6 1 5 ,  p < 0 . 0 2 5 ,  w here  
c e r  u l o p l a s m i  n = x ) .
The ex am in ed  c o r r e l a t i o n s  d i d  n o t  change  s i g n i f i c a n t l y  i n  
t h e  h i g h - r i s k  g i r l s  ( T a b l e  VI ) .
DISCUSSION
E v i d e n c e  shows t h a t  o x y g e n - d e r i v e d  f r e e  r a d i c a l s  a r e  
i m p o r t a n t  m e d i a t o r s  o f  s e v e r a l  f o r m s  o f  t i s s u e  damage / 6 / .  
R a i s e d  c o n c e n t r a t i o n  o f  l i p i d  p e r o x i d e s  ( L P )  have been f o u n d  i n  
h y p e r l i p i d e m i a ,  e s s e n t i a l  h y p e r t e n s i o n ,  a f t e r  AMI and s t r o k e  as 
w e l l  as i n  d i a b e t e s  / 1 / .  I t  i s  n o t  c h o l e s t e r o l  b u t  i t s  
o x i d a t i o n  p r o d u c t s  t h a t  i n i t i a t e  and t h e n  i n c r e a s e  t h e  damage 
o f  t h e  e n d o t h e l i u m  o f  t h e  a r t e r i a l  w a l l ,  w h ic h  i s  one o f  t h e  
m o s t  common phenomena i n  a t h e r o s c l e r o s i s  / 6 ,  1 3 / .  The
p o t e n t i a l  r o l e  o f  L P - s  i n  a t h e r o s c l e r o s i s  i s  fo und  i n  a n i m a l s  
m a i n t a i n e d  w i t h  a t h e r o g e n i c  d i e t  / 9 / .  E p i d e m i o l o g i c a l  d a t a  
p r e s e n t  i n c r e a s e d  se ru m  LP l e v e l s  m e a s u r e d  by m a l o n d i a l d e h y d e  
i n  c h i l d r e n  o f  p a r e n t s  s u f f e r i n g  f r o m  e a r l y  AMI / 1 5 / .
A n t i o x i d a n t s  f u n c t i o n  as b l o c k e r s  o f  r a d i c a l  p r o c e s s e s .  The 
a n t i o x i d a n t  c a p a c i t y  a s s o c i a t e s  w i t h  t h e  p lasma l e v e l s  o f
TABLE IV
Linear c o r r e l a t i o n  c o e f f i c i e n t s  between ceruloplasmin and age and l i p i d  parameters
in  ch i ld re n  inves t iga ted
Controls Ri sk Chi ldren
Boys G i r l s Boys G i r l s
Number o f  ch i ld re n  
Ceruloplasmin (x)
48 19 40 55
Г Г Г Г
У
Age 0.185 0.377х -  0.377xx 0.094
TC -  0.152 -  0.171 0.222 0.046
HDL-C 0.025 -  0.186 -  0.505xxx 0.006
LOL-C -  0.173 -  0.173 0.220 0.053
TT 0.058 0.208 0.438xx -  0.056
x p < 0.05 ; xx p < 0.025
Where y are the other parameters, x i s  ceruloplasmin l e v e l .
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TABLE V
L i n e a r  c o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  c e r u l o p l a s m i n  and l i p i d s
i n  e n d a n g e r e d  boys
Age ( y e a r s )
Number o f  c h i l d r e n  
C e r u l o p l a s m i n  ( x )
3 t o  14 
23
15 t o  18 
17
У Г Г
TC 0 . 2 1 3 -  0 . 027
HDL-C -  0 . 5 5 0 xx -  0 . 727xx
LDL-C 0 . 2 1 4 0 . 099
TT 0 . 4 8 9 xx 0 . 283
xx p < 0 . 025
x = C e r u l o p l a s m i n
y = TC, HDL-C,  LDL - C,  TT
TABLE VI
L i n e a r  c o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  c e r u l o p l a s m i n  and 
l i p i d s  i n  e n d a n g e r e d  g i r l s
Age ( y e a r s ) 3 t o  14 15 t o  18
Number  o f  g i r l s 32 26
C e r u l o p l a s m i n  ( x )
У Г Г
TC 0 . 2 0 4 0 . 054
HDL-C 0 . 4 0 4 0. 031
LDL-C 0 . 1 2 7 0 . 046
TT -  0 . 0 7 6 -  0 . 028
x = C e r u l o p l a s m i n
у = TC, HOL-C,  LDL - C,  TT
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n o n e n z y m a t i c  f r e e — r a d i c a l  s c a v e n g e r s .  CP was d e s c r i b e d  as a 
c i r c u l a t i n g  a n t i o x i d a n t ,  and as a s c a v e n g e r  o f  s u p e r o x i d e  a n i o n  
r a d i c a l s  / 3 ,  5,  7 / .  CP was fou nd  t o  i n h i b i t  th e  d e v e l o p m e n t  o f  
h y p e r l i p o p r o t e i n e m i a ,  t o  d e c re a s e  t h e  l e v e l  o f  f r e e - r a d i c a l  
o x i d a t i o n  o f  l i p i d s  and t o  i n c r e a s e  t h e  a n t i o x i d a n t  demands o f  
t i s s u e s  / 2 / .  CP l e v e l s  a re  low i n  n e w b o r n s ,  b u t  i n c r e a s e  t o  
exceed  a d u l t  v a l u e s  by one y ea r  o f  age / 1 0 / .
I n  t h e  p r e s e n t  w o rk  we examined  t h e  c o n c e n t r a t i o n  o f  CP, as 
e x t r a c e l l u l a r  a n t i o x i d a n t  i n  h e a l t h y  c h i l d r e n  and i n  o f f s p r i n g  
whose p a r e n t s  had had an e a r l y  AMI.  We f o u n d  an a g e - d e p e n d e n t  
a l t e r a t i o n  o f  se rum CP l e v e l .  The c h a n g e s  were i n  o p p o s i t e  
d i r e c t i o n :  t h e  h e a l t h y  c h i l d r e n  had m i n i m a l l y  h i g h e r  and t h e  
e n d a n g e r e d  boys  l o w e r  v a l u e s  w i t h  i n c r e a s i n g  age.
We d i d  n o t  f i n d  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  
be tween  CP l e v e l s  i n  h i g h - r i s k  c h i l d r e n  and c o n t r o l  s u b j e c t s .  
I n  a c c o r d a n c e  w i t h  o t h e r  e x a m i n a t i o n  we d i d  n o t  d e m o n s t r a t e  
s i g n i f i c a n t  l i n e a r  c o r r e l a t i o n  be tw een  c h o l e s t e r o l  and CP among 
a l l  t h e  g r o u p s  / 1 1 / .  No s t a t i s t i c a l l y  s i g n i f i c a n t  c o r r e l a t i o n  
was f o u n d  w i t h  r e s p e c t  t o  CP and l i p i d s  i n  h e a l t h y  c o n t r o l s ,  
b u t  t h e  t e n d e n c y  o f  a s s o c i a t i o n  c o r r e s p o n d e d  t o  t h e  
e x p e c t a t i o n s .  A s i g n i f i c a n t  n e g a t i v e  l i n e a r  c o r r e l a t i o n  was 
i d e n t i f i e d  be tw een  CP and HDL-C l e v e l  i n  endange red  b o y s .  T h i s  
r e l a t i o n s h i p  t e n d e d  t o  be s t r o n g e r  i n  a d o l e s c e n c e .  No 
a s s o c i a t i o n  be tw een  c e r u l o p l a s m i n  and l i p o p r o t e i n  f r a c t i o n s  was 
p r e s e n t  i n  t h e  a f f e c t e d  p a r e n t s  t h e m s e l v e s .  These f i n d i n g s  
i n d i c a t e  an a l t e r a t i o n  i n  th e  r e g u l a t i o n  o f  a s s o c i a t i o n  b e t w e e n  
CP and l i p i d s  i n  boys  o f  f a m i l i e s  w i t h  h i g h - r i s k  o f  
c a r d i o v a s c u l a r  d i s e a s e .  The mec han i sm  o f  t h e  r e l a t i o n s  among 
t h e  a bove  p a r a m e t e r s ,  h o w e v e r ,  needs f u r t h e r  i n v e s t i g a t i o n .  We 
su ppose  t h a t  t h e  c hange  o f  a s s o c i a t i o n  be tween serum CP and 
l i p o p r o t e i n - c h o l e s t e r o l  f r a c t i o n s  may be a p a r t  o f  a 
c o m p e n s a t o r y  mechan ism i n  a f f e c t e d  b o y s .  F u r t h e r  work i s  need ed  
t o  e s t a b l i s h  w h e t h e r  CP v a l u e s  m i g h t  p r o v i d e  a u s e f u l  i n d e x  i n  
t h e  i n i t i a l  p r o c e s s  o f  a t h e r o s c l e r o s i s .
I n c r e a s e d  r a t i o  o f  z i n c  t o  c o p p e r  i n  p a t i e n t s  w i t h  CHD has 
a l s o  been  r e p o r t e d .  E a r l i e r  we have  m easur ed  th e s e  p a r a m e t e r s  
i n  o f f s p r i n g  o f  p a r e n t s  s u f f e r i n g  f r o m  PCHD. P u b l i c a t i o n  o f  ou r  
r e s u l t s  i s  i n  p r o g r e s s .
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CALCIUM-PHOSPHATE METABOLISM PARAMETERS ANU VITAMIN-D STATUS IN 
PATHOLOGICAL PRETERM I N I  ANTS
M.  FEKETE, T. DECSI , K. A D A M O V I C H ,  M .  SZÁSZ
D e p a r t m e n t  o f  P a e d i a t r i c s ,  U n i v e r s i t y  M e d i c a l  S c h o o l  o f  P é c s ,
Hungary
R e c e i v e d  24 June 1993
P a r a m e t e r s  o f  m e t a b o l i s m  o f  t h e  m a j o r  m i n e r a l s  and 
2 5  ( 0 H ) D  v i t a m i n  c o n c e n t r a t i o n  were  measu re d  i n  1 4  
p a t h o l o g i c a l  p r e t e r m  i n f a n t s  o f  1 3 4 7 ^ 2 7 3  gs b i r t h -  
w e i g h t  and 3 0 . 5 j f 2 . 7  wks g e s t a t i o n a l  age ,  a t  t h e  
p o s t n a t a l  age o f  1 ,  4 and 8 w eeks .  The b a b i e s  d i d  n o t  
r e c e i v e  o r a l  c a l c i u m ,  p h o s p h a t e  o r  v i t a m i n  D 
s u p p l e m e n t a t i o n  a p a r t  f r o m  t h a t  i n  t h e i r  f o r m u l a ,  b u t  
were g i v e n  1 0 0  0 0 0  U v i t a m i n  D 3 p a r e n t e r a l l y , on 
p o s t n a t a l  day 7 .  Norma l  se rum c a l c i u m ,  p h o s p h a t e  and 
magnesium c o n c e n t r a t i o n  was o b s e r v e d  a l l  t h r o u g h o u t  t h e  
s t u d y  p e r i o d ,  and r e n a l  m i n e r a l  e x c r e t i o n  d i d  n o t  show 
as i f  t h e  i n f a n t s  had been i n  m i n e r a l  d e f i c i e n c y .  The 
p a r e n t e r a l l y  g i v e n  l a r g e  b o l u s  v i t a m i n  D c a u s e d  a 
n o t a b l e  b u t  t r a n s i e n t  r i s e  i n  2 5  ( O H )  D c o n c e n t r a t i o n ,  
w h ic h  f e l l  a g a i n  t o  p r e i n j e c t i o n  l e v e l  a few  weeks 
l a t e r .  No c l o s e  r e l a t i o n s h i p  was f o u n d  be tw een  2 5  ( O H )  
D c o n c e n t r a t i o n  and C a - Р О д  m e t a b o l i s m  p a r a m e t e r s  o r  
e a r l y  p o s t n a t a l  g r o w t h  r a t e .
INTRODUCTION
The s p e c t a c u l a r  r i s e  i n  s u r v i v a l  r a t e  o f  v e r y  low b i r t h w e ig h t  
and e x t r e m e l y  lo w  b i r t h w e i g h t  p r e t e r m  b a b i e s  has r e s u l t e d  i n  
new c h a l l e n g e s  f o r  c l i n i c a l  n e o n a t o l o g y .  I m m a t u r e  a n d / o r  
g r o s s l y  damaged i n t e r m e d i a r y  m e t a b o l i s m  o r  s u r v i v o r s  o f  a c u t e  
c a r d i o r e s p i r a t o r y  and n e u r o l o g i c  a d a p t a t i o n  d i s o r d e r s  p r e s e n t  
a d d i t i o n a l  d i s a d v a n t a g e s ,  i n  r e s p e c t  o f  e x t r a u t e r i n e  g r o w t h  and 
d e v e l o p m e n t .  Q u a n t i t y  and q u a l i t y  o f  t h e  ma in n u t r i e n t s  needed 
by h i g h  r i s k  i m m a t u r e  b a b i e s  a r e  by now more o r  l e s s  known,  
w h i l s t  k n o w le d g e  r e g a r d i n g  r e q u i r e m e n t s  i n  s u p p l y  o f  m i n e r a l s ,  
t r a c e  e l e m e n t s  and v i t a m i n s  i s  much more u n c e r t a i n .
Akadémiai Kiadó,  Budapest
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M a j o r  m i n e r a l s  l i k e  c a l c i u m ,  p h o s p h a t e  and magnesium have  a 
m u l t i p l e  r o l e  i n  p h y s i o l o g y  and b i o c h e m i s t r y  o f  t h e  human / 1/ .  
The q u e s t i o n ,  h o w e v e r ,  o f  t h e i r  o p t i m u m  s u p p l y ,  a b s o r p t i o n ,  
e x c r e t i o n  and h o m e o s t a s i s  i n  t h e  f o e t u s  and new born  i s  s t i l l  
n o t  c o m p l e t e l y  a n s w e r e d  / 6 , 7 / .  S i m i l a r l y ,  t h e  r e l a t i o n s h i p  
b e tw e e n  v i t a m i n  D s t a t u s  and m i n e r a l  m e t a b o l i s m  needs  f u r t h e r  
i n v e s t i g a t i o n ,  i n  o r d e r  t o  p r o v i d e  a b i o c h e m i c a l  m i l i e u  as 
p h y s i o l o g i c a l  as p o s s i b l e  to  i m m a t u r e  n e o n a t e s .
I n  the  p r e s e n t  s t u d y  l i n k s  be tw een  Ca, PO4 and Mg m e t a b o l i s m  
p a r a m e t e r s  and 25 (GH) □ v i t a m i n  s t a t u s  were l o o k e d  f o r  i n  
p a t h o l o g i c a l  p r e t e r m  i n f a n t s .  F u r t h e r m o r e ,  t h e  e f f e c t  o f  
p a r e n t e r a l  s u p p l e m e n t a t i o n  o f  v i t a m i n  □ was t e s t e d ,  s i n c e  e a r l y  
c o n t i n u o u s  o r a l  a d m i n i s t r a t i o n  i s  n o t  a l w a y s  p o s s i b l e  i n  s i c k  
p r e t e r m  b a b i e s .  A d d i t i o n a l  o b j e c t  o f  o u r  i n v e s t i g a t i o n  was t o  
c o l l e c t  some more  d a t a  on p e r i n a t a l  p h y s i o l o g y  w h i c h  can be 
h e l p f u l  i n  th e  e v e r y  d a y ' s  c l i n i c a l  p r a c t i c e .
PATIENTS AND METHODS
F o u r t e e n  p r e t e r m  b a b i e s  o f  1 3 4 7 ^ 2 7 3  ( 1 0 2 0 - 1 7 6 0 )  gs 
b i r t h w e i g h t  and 3 0 . 5 ^ 2 . 7  ( 2 7 - 3 6 )  weeks  g e s t a t i o n a l  age were 
s t u d i e d .  A l l  o f  them s u f f e r e d  f r o m  some k i n d  o f  a c u t e  p e r i n a t a l  
a d a p t a t i o n  d i s o r d e r  o f  mo de ra te  t o  s e v e r e  d e g r e e ,  b u t  a l l  
s u r v i v e d .  The m a i n  c l i n i c a l  d i a g n o s i s  was HMD i n  5, p e r i n a t a l  
h y p o x i a  a s s o c i a t e d  w i t h  s u b e p e n d y m a l - i n t r a v e n t r i c u l a r  
h a e m o r r h a g e  i n  3 ,  p e r i n a t a l  i n f e c t i o n  i n  3,  d i s m a t u r i t y  i n  2 
and  h y p e r b i l i r u b i n a e m i a  i n  1 c a s e s .  E n t e r a l  f e e d i n g  was 
i n i t i a t e d  as e a r l y  as p o s s i b l e ,  f o r  w h i c h  s p e c i a l  p r e t e r m  
f o r m u l a  ( P r e m a t i l ,  M i l u p a )  was e x c l u s i v e l y  us e d ,  w i t h  c a l c i u m ,  
p h o s p h a t e  and m a g n e s iu m  c o n t e n t  o f  70 ,  40 and 6 mg/100 ml r e a d y  
made f l u i d ,  and a v i t a m i n  D3 c o n t e n t  o f  605 U/100  g p o w d e r .  The 
b a b i e s  d i d  n o t  g e t  t h e s e  maj o r ' m i n e r a l s  f r o m  any o t h e r  s o u r c e  
e i t h e r  e n t e r a l l y  o f  p a r e n t e r a l l y  d u r i n g  t h e  s t u d y  p e r i o d .  A t  
t h e  age o f  1 week a l l  i n f a n t s  were  g i v e n  100 000 U v i t a m i n  O3 
p a r e n t e r a l l y .
As a p a r t  o f  t h e i r  c l i n i c a l  c h e c k - u p ,  se rum c o n c e n t r a t i o n  o f  
t o t a l  c a l c i u m ,  p h o s p h a t e ,  magnesium and a l k a l i n e  p h o s p h a t a s e  
a c t i v i t y  was m easu re d  w i t h  r o u t i n e  l a b o r a t o r y  methods w i t h i n  24 
h r s  o f  b i r t h  and a t  p o s t n a t a l  ages o f  1 ,  4 and 8 we eks .  Re na l  
c a l c i u m ,  p h o s p h a t e  and magnesium e x c r e t i o n  was measu re d  
s i m u l t a n e o u s l y  by d e t e r m i n i n g  th e  m i n e r a l / c r e a t i n i n e  r a t i o  i n  a 
m o r n i n g  u r i n e  sa m p l e  / 4 / .  I n  a d d i t i o n ,  se rum  25 (OH) D v i t a m i n  
c o n c e n t r a t i o n  was d e t e r m i n e d  as w e l l ,  on day 7, 28 and 5 6 ,  by 
u s i n g  Amersham 2 5 - H y d r o x y v i t a m i n - D  ( 3 H )  a s s a y  s y s te m  (c o d e  
T R K 8 6 0 ) .  D a i l y  m i n e r a l  and o r a l  v i t a m i n  D i n t a k e  was c a l c u l a t e d
TABLE I
C o n c e n t r a t i o n  o f  m a j o r  m i n e r a l s ,  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  and 2 5 - h y d r o x y -  
c h o l e c a l c i p h e r o l  l e v e l  i n  t h e  se rum o f  p a t h o l o g i c a l  p r e t e r m  b a b i e s  d u r i n g  t h e  f i r s t  8
p o s t n a t a l  weeks (mean +_ SD)
< 24 h o u r s 1 week 4 weeks 8 weeks
C a l c i u m  ( m m o l / 1 ) 2 . 3 + 0 . 1 2 . 3 + 0 . 2 2 .5 + 0 . 1 2 . 4 + 0 . 1
P h o s p h a te  ( m m o l / 1 ) 2 . 1 + 0 . 3 1 . 9_+0.5 2 . 2 + 0 . 2 2 . 4 +_0. 2
Magnesium ( m m o l / 1 ) 0 . 9 ^ 0 . 2 0 . 9 ^ 0 . 2 0 . 8 ^ 0 . 1 0 . 8 ^ 0 . 0
A l k a l i n e  p h o s p h a t a s e  ( I U / 1 ) 108^64 143^56 175+413 268+429
25 (OH) D ( n g / m l ) - 2 3 . 7 ^ 1 4 . 8 3 6 .6 + 15 .2 1 7 . 9 +_2. 6
C
alcium
-phosphate m
etabolism
 
255
TABLE I I
O r a l  i n t a k e  o f  m a j o r  m i n e r a l s  and v i t a m i п - й з  i n  p a t h o l o g i c a l  p r e t e r m  i n f a n t s  d u r i n g  t h e  
f i r s t  8 p o s t n a t a l  weeks (mean_+SD). E n t e r a l  and p a r e n t e r a l  i n t a k e  a d v i s e d  i n  t h e  r e l e v a n t
l i t e r a t u r e  / 1 /  i s  a l s o  shown on t h e  t a b l e
0 - 7  days 8 - 2 8  days 29 -  56 days A d v i s e d i n t a k e
e n t e r a l p a r e n t e r a l
C a l c i u m , m g / k g / d a y 56 + 28 13 0^5 134^2 180-3 70 50 -6 0
P hospa te ,  m g / k g / d a y 31+Д 5 74^3 75± 3 70 -18 0 4 0 -5 0
Magnesium, m g / k g / d a y 4 . 6 + 2 . 1 1 0 . 8 + 1 . 5 1 1 . 0 ^ 0 . 3 5-7 5-7
V i t a m i n - D j , I U / d a y 68^33 157^6 162^4 1000 -2 000
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by t h e  vo lume o f  f o r m u l a  consumed and t h e  r e f e r e n c e  d a t a  f o r  
m i n e r a l s  and v i t a m i n  D c o n t e n t .  The a c c u r a c y  o f  body  w e i g h t  
w e i g h i n g  was +10 g s .  Gr owt h  r a t e  was e x p r e s s e d  as g s / d a y ;  f o r  
s t a t i s t i c a l  a n a l y s i s  s t a n d a r d  m a t h e m a t i c a l  methods  were  u s e d .
RESULTS
R e s u l t s  a r e  s u m m a r i z e d  i n  t a b l e s  and f i g u r e s .  T a b l e  I  shows 
t h a t  se rum c a l c i u m ,  p h o s p h a t e  and magnes ium c o n c e n t r a t i o n s  i n  
t h e  b a b i e s  were  n o r m a l  a l l  t h r o u g h o u t  t h e  s t u d y  p e r i o d .  The 
l e v e l  o f  t h e s e  m i n e r a l s  was s t e a d i l y  and w e l l  r e g u l a t e d  as 
shown by t h e  s m a l l  SD v a l u e s .  I n  c o n t r a s t  w i t h  t h e s e  
p a r a m e t e r s ,  a h i g h l y  v a r y i n g  serum a l k a l i n e  p h o s p h a t a s e  
a c t i v i t y  c o u l d  be o b s e r v e d  a t  each t i m e  s t u d i e d ,  h o w e v e r ,  when 
c o n s i d e r i n g  t h e  mean v a l u e s ,  an o b v i o u s  t r e n d  o f  r i s e  was 
n o t e d .  I t  i s  a l s o  seen t h a t  a t  age week 1 mean 2 5 (0 H )D  v i t a m i n  
c o n c e n t r a t i o n  was w e l l  above t h e  c r i t i c a l  10 n g / m l  
c o n c e n t r a t i o n  ( 2 3 . 7 ^ 1 4 . 8  n g / m l )  c o n s i d e r e d  as a c u t - o f f  p o i n t  
be l o w  w h i c h  v i t a m i n  D d e f i c i e n t  s t a t e  c a n n o t  be d i a g n o s e d .  
A f t e r  t h a t ,  i n  r e s p o n s e  t o  t h e  p a r e n t e r a l l y  g i v e n  100 000 U 
v i t a m i n  D, a r e m a r k a b l e  i n c r e a s e  c o u l d  be d e t e c t e d  ( 3 6 . 6 + ^ 1 5 . 2  
n g / m l ) ,  w h ic h  was t r a n s i t o r i c ,  because  f o u r  weeks l a t e r  25 (0 H )D  
c o n c e n t r a t i o n  was a g a i n  a ro u n d  t h e  p r e i n j e c t i o n  l e v e l ,  i . e .  
1 7 . 9 +_2.6 n g / m l .
T o t a l  i n t a k e  o f  t h e  t h r e e  m a j o r  m i n e r a l s  and o r a l  v i t a m i n  D3 
i n t a k e  i s  shown i n  T a b l e  I I  c a l c u l a t e d  as an a v e r a g e  o f  d a i l y  
i n t a k e s ,  f o r  t h e  t h r e e  s e p a r a t e d  t i m e - i n t e r v a l  o f  t h e  w ho le  
o b s e r v a t i o n  p e r i o d .  I t  can a l s o  be seen t h a t  f e e d i n g  even 
s p e c i a l  f o r m u l a  f o r  p r e t e r m  b a b i e s ,  c a l c i u m  i n t a k e  was l e s s  
t h a n  t h e  g e n e r a l l y  a d v i s e d  amount / 1 /  w h ic h  c o u l d  have  been 
a t t a i n e d  o n l y  by p r o v i d i n g  e x t r a  c a l c i u m  s u p p l e m e n t a t i o n .
F i g .  1 i s  f o r  d e m o n s t r a t i n g  t h e  w e i g h t  g a i n  o f  t h e  p r e t e r m  
i n f a n t s  s t u d i e d .  I t  i s  shown t h a t  t h e y  t h r i v e d  w e l l  and d o u b l e d  
t h e i r  b i r t h w e i g h t  b e f o r e  t h e  age o f  two  m o n t h s .  For  s t a t i s t i c a l  
a n a l y s i s  w e i g h t  g a i n  o f  each b a b i e s  was s e p a r a t e l y  c a l c u l a t e d  
and e x p r e s s e d  as g / d a y .
F i g .  2 shows ch a n g e s  i n  u r i n a r y  m i n e r a l / c r e a t i n i n e  r a t i o  f o r  
c a l c i u m ,  p h o s p h a t e  and magnesium a t  p o s t n a t a l  ages s t u d i e d .  I t
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F i g .  1 .  P o s t n a t a l  g r o w t h  o f  t h e  s t u d y  b a b i e s  d u r i n g  t h e  f i r s t  
8 weeks o f  l i f e  (mean+SD)
F i g .  2 .  U r i n a r y  e x c r e t i o n  o f  m a j o r  m i n e r a l s  i n  p a t h o l o g i c a l  
p r e t e r m  i n f a n t s .  The v a l u e  o f  SD v a r i e d  be tw een 0 . 2 5 -  
0 . 8 5 ,  2 . 7 6 - 5 . 6 1  and 0 .22  -  0 . 5 1  f o r  c a l c i u m ,  p h o s p h a t e  
and m a g n e s iu m ,  r e s p e c t i v e l y
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i s  seen  t h a t  n e i t h e r  r i s e  i n  c a l c i u m  e x c r e t i o n  n o r  a g r a d u a l l y  
d e c r e a s i n g  p h o s p h a t e  e x c r e t i o n  c o u l d  be o b s e r v e d ,  c o n s i d e r i n g  
t h e  mean v a l u e s .  C a l c i u m / c r e a t i n i n e  r a t i o  r e m a i n e d  a l l  
t h r o u g h o u t  t h e  o b s e r v a t i o n  p e r i o d  s l i g h t l y  be low o r  a b o v e  0 . 5 0  
and p h o s p h a t e / c r e a t i n i n e  r a t i o  r i s e d  g r a d u a l l y  f r o m  a r o u n d  4 . 0 0  
t o  7 . 0 0 .  T h i s  c e r t a i n l y  means t h a t  t h e  b a b i e s  i n  s t u d y  had n o t  
been  c a l c i u m  o r  p h o s p h a t e  d e p l e t e d  a t  t h a t  t i m e ,  p r o v i d e d  
s e c o n d a r i l y  i n c r e a s e d  p a r a t h o r m o n e  s e c r e t i o n  can be e x c l u d e d .  
H o w e v e r ,  p a r a t h o r m o n e  c o n c e n t r a t i o n  c o u l d  n o t  be m e a s u r e d  i n  
o u r  s t u d y ,  t h e  n o r m a l  25 (OH) D v i t a m i n  s t a t u s  makes most  
u n p r o b a b l e  t h i s  e x p l a n a t i o n .
I n  o r d e r  t o  l o o k  f o r  r e l a t i o n s h i p  be tween  m i n e r a l  m e t a b o l i s m  
b i o c h e m i c a l  p a r a m e t e r s  and v i t a m i n  D s t a t u s  and g r o w t h ,  t h e  
f o l l o w i n g  p a r a m e t e r - p a i r s  were t e s t e d  by a l i n e a r  c o r r e l a t i o n  
a n a l y s i s :  e n t e r a l  i n t a k e  o f  c a l c i u m ,  p h o s p h a t e ,  ma gnes i um -  
se rum c o n c e n t r a t i o n  o f  c a l c i u m ,  p h o s p h a t e  and m a g n e s i u m ;  serum 
25 (OH) D v i t a m i n  c o n c e n t r a t i o n  -  se rum c a l c i u m  and p h o s p h a t e ;  
se rum 25 (OH) D c o n c e n t r a t i o n  -  serum a l k a l i n e  p h o s p h a t a s e  
a c t i v i t y ;  serum 25 (OH) D c o n c e n t r a t i o n  -  g r o w t h  r a t e ;  g r o w t h  
r a t e  -  serum a l k a l i n e  p h o s p h a t a s e  a c t i v i t y .  A r e v e r s e d  b u t  
s t a t i s t i c a l l y  n o t  s i g n i f i c a n t  c o r r e l a t i o n s h i p  was fo u n d  
be tw e e n  25 (OH) D l e v e l  and a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  
( r = - 0 . 4 9 7 0  a t  4 weeks and r = - 0 . 3 5 2 6  a t  В w e e k s ) ;  no o t h e r  
r e l a t i o n s h i p  w o r t h  m e n t i o n i n g  was f o u n d  be tw een any o t h e r  
p a r a m e t e r p a i r s  e x a m i n e d .
DISCUSSION
R e s u l t s  o f  t h e  s t u d y  show t h a t  1397j f273 gs b i r t h w e i g h t  
p a t h o l o g i c a l  p r e t e r m  b a b i e s  can r e g u l a t e  n o r m a l l y  t h e i r  serum 
c a l c i u m ,  p h o s p h a t e  and magnes ium l e v e l s  d u r i n g  t h e  f i r s t  e i g h t  
p o s t n a t a l  weeks o f  l i f e  when an o r a l  i n t a k e  o f  no more  t h a n  
130 m g / k g / d a y  c a l c i u m ,  75 m g / k g / d a y  p h o s p h a t e  and 11 m g / k g / d a y  
magnes ium i s  o f f e r e d  ( f a b l e s  I ,  I I ) ,  as an a v e r a g e .  H ow ever ,  
se rum l e v e l s  o f  m a j o r  m i n e r a l s  o b v i o u s l y  do n o t  r e f l e c t  t o t a l  
body  m i n e r a l  c o n t e n t  / 1 /  b u t  much more so t h e  c a p a c i t y  o f  th e
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f u n c t i o n a l  c o m p e n s a t o r y  re sp o n se s  o f  p a r a t h o r m o n e  and v i t a m i n  
D m e t a b o l i s m .  I t  seems p r o b a b l e  t h a t  t h e  s t u d y  b a b i e s  may n o t  
h a v e  been i n  a t  l e a s t  a c o n s i d e r a b l e  m i n e r a l  d e f i c i e n t  s t a t e .  
The f i n d i n g  o f  t h e  p e r s i s t e n t l y  lo w  r e n a l  c a l c i u m  e x c r e t i o n  and 
t h a t  o f  th e  r i s i n g  p hospha te  e x c r e t i o n  a l s o  s t a n d s  a g a i n s t  
m i n e r a l  d e p l e t i o n  / 4 / .
I n  r e g a r d  o f  m i n e r a l  and bone t i s s u e  m e t a b o l i s m  v i t a m i n  D 
s u p p l e m e n t a t i o n  and  h y d r o x y l a t i o n  i n t o  a c t i v e  m e t a b o l i t e s  have  
a p r i n c i p a l  r o l e .  I t  i s  now known t h a t  e a r l y  n e o n a t a l  25 (0H)D 
v i t a m i n  l e v e l  d e p e n d s  on m a t e r n a l  v i t a m i n  D s t a t u s ,  s i n c e  b o t h  
v i t a m i n  D3 and 25 (OH)  D v i t a m i n  a r e  f r e e l y  t r a n s p o r t e d  a c r o s s  
t h e  p l a c e n t a  f r o m  t h e  m o t h e r  i n t o  t h e  f o e t u s ,  i n  c o n t r a s t  w i t h  
1 . 2 5  (O H ^Q  v i t a m i n  / 2 ,  3 / .  In  one week o l d  b a b i e s  we f o u n d  
2 3 . 7 jkL4 . 8  n g /m l  25 (OH) D v i t a m i n  c o n c e n t r a t i o n ,  i n d i c a t i n g  
t h a t  i n  g e n e r a l  t h e y  w e re  n o t  v i t a m i n  D d e f i c i e n t  a t  t h e  t i m e .  
The w i d e l y  s c a t t e r i n g  i n d i v i d u a l  c o n c e n t r a t i o n s  e x p r e s s e d  by 
t h e  l a r g e  SO v a l u e s  show, h o w e v e r ,  t h a t  i n  some cases  q u i t e  
p r o n o u n c e d  v i t a m i n  D d e f i c i e n c y  may ha ve  o c c u r r e d .  O t h e r w i s e ,  
i t  i s  t o  be e m p h a s i z e d  t h a t  we measured  c l o s e l y  s i m i l a r  25 (OH) 
D c o n c e n t r a t i o n s  ( T a b l e  I )  i n  t h e  p r e t e r m  b a b i e s  t o  t h o s e  
r e p o r t e d  i n  t h e  r e l e v a n t  l i t e r a t u r e  a t  any  t i m e  s t u d i e d  / 2 ,  3 ,  
5 - 8 / .  I n  r e s p o n s e  t a o  t h e  p a r e n t e r a l l y  g i v e n  l a r g e  dose  
( 1 0 0  000 U) v i t a m i n  O3 , a d e f i n i t e  b u t  s t a t i s t i c a l l y  n o t  
s i g n i f i c a n t  r i s e  i n  25 (OH) D c o n c e n t r a t i o n  c o u l d  be o b s e r v e d  
by t h e  p o s t n a t a l  age  o f  f o u r  we eks ,  h o w e v e r ,  t h i s  e f f e c t  was 
o n l y  t r a n s i t o r i c  s i n c e  f o u r  weeks l a t e r  n e a r  t h e  p r e i n j e c t i o n  
25 (OH) 0 l e v e l  was m e a s u r e d  a g a i n .  C o n s i d e r i n g  t h a t  h e p a t i c  
p r o d u c t i o n  o f  25 (OH) D v i t a m i n  i s  p u r e l y  s u b s t r a t e  d e p e n d e n t  
/ 6 / ,  i t  seems p r o b a b l e  t h a t  p a t h o l o g i c  p r e t e r m  b a b i e s  a re  a b l e  
t o  h y d r o x y l a t e  v i t a m i n  D3 t o  25 (OH) 0 v i t a m i n ,  b u t  no s t e a d y  
c o n c e n t r a t i o n  can be a c h i e v e d  by g i v i n g  l a r g e  doses  i n  b o l u s .  
The q u e s t i o n ,  w h e t h e r  s t e a d i n e s s  o r  i n t e r m i t t e n t  f l u c t u a t i o n  o f  
25 (OH) D l e v e l  does  o r  does n o t  i n f l u e n c e  op t imum m e t a b o l i c  
e f f e c t  on c a l c i u m - p h o s p h a t e  m e t a b o l i s m ,  i s  s t i l l  u n a n s w e r e d .  
The o n l y  c o n c l u s i o n ,  w h a t  can be d r a w n ,  i s  t h a t  i n  p r e t e r m  
i n f a n t s ,  who c a n n o t  s a f e l y  r e c e i v e  o r a l  v i t a m i n  D 
s u p p l e m e n t a t i o n ,  n o r m a l  25 (OH) 0 c o n c e n t r a t i o n  can be r e a c h e d  
by g i v i n g  D3 v i t a m i n  p a r e n t e r a l l y  i n  b o l u s .
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The serum c o n c e n t r a t i o n  o f  25 (OH) D v i t a m i n  r e f l e c t s  p o o l e d  
v i t a m i n  D s t o r e s  ( " v i t a m i n  D s t a t u s " )  o f  th e  body / 7 / ,  w h i l e  
t h e  de f a c t o  a c t i n g  h o r m o n - l i k e  s u b s t a n c e  i s  1 . 2 5 ( 0 H ) 2  D 
v i t a m i n ,  s y n t h e s i z e d  i n  t h e  k i d n e y  u n d e r  th e  c o n t r o l  o f  
p a r a t h o r m o n e  and sergm c a l c i u m  and p h o s p h a t e  c o n c e n t r a t i o n .  The 
serum l e v e l  o f  t h a t  l a t t e r  m e t a b o l i t e  had n o t  been m e a s u r e d  by 
us b u t  we l o o k e d  f o r  r e l a t i o n s h i p  b e t w e e n  v i t a m i n  D s t a t u s  and 
c a l c i u m - p h o s p h a t e  m e t a b o l i s m  i n d i c e s  and g r o w th  r a t e .  We f o u n d  
t h a t  25 (OH) 0 c o n c e n t r a t i o n  i s  n o t  r e l a t e d  t o  e i t h e r  se rum 
c a l c i u m  and p h o s p h a t e  c o n c e n t r a t i o n  o r  g r o w t h  r a t e ;  a r e v e r s e d  
r e l a t i o n s h i p  was f o u n d  be tw een 25 (OH) 0 l e v e l  and  serum 
a l k a l i n e  p h o s p h a t a s e ,  w h ic h  means t h a t  serum a l k a l i n e  
p h o s p h a t a s e  may w e l l  p r o v e  t o  be an i n d i c a t o r  o f  n e o n a t a l  
v i t a m i n  D d e f i c i e n c y ,  p r o v i d e d  s t u d i e s  i n  l a r g e r  p o p u l a t i o n s  
w o u ld  c o n f i r m  t h i s  o b s e r v a t i o n .
I n  c o n c l u s i o n  we s u g g e s t  t h a t  i n  p a t h o l o g i c a l  l o w  
b i r t h w e i g h t  p r e t e r m  i n f a n t s  no d i r e c t  r e l a t i o n s h i p  e x i s t s  
b e tw e e n  25 (OH) 0 v i t a m i n  l e v e l  and r o u t i n e l y  examined  c a l c i u m -  
p h o s p h a t e  m e t a b o l i s m  p a r a m e t e r s .  F u r t h e r m o r e ,  a f t e r  
p a r e n t e r a l l y  g i v e n  l a r g e  dose D3 v i t a m i n  even p a t h o l o g i c a l  
p r e t e r m  b a b i e s  can i n c r e a s e  t h e i r  25 (OH) D p r o d u c t i o n ,  b u t  
t h i s  i s  c e r t a i n l y  n o t  t h e  way m a i n t a i n i n g  a s t e a d i l y  c o n s t a n t  
25 (OH) D c o n c e n t r a t i o n .
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Serum l i p i d  p a r a m e t e r s  and l i p o p r o t e i n  l e v e l s ,  l i p i d  
p e r o x i d e  c o p p e r  and z i n c  c o n c e n t r a t i o n  were m easur ed  i n  
460 c h i l d r e n  w i t h  f a m i l i a l  h i s t o r y  o f  p r e m a t u r e  
a t h e r o s c l e r o s i s  (180 o f f s p r i n g  o f  a p a r e n t  w i t h  
c o r o n a r y  h e a r t  d i s e a s e ,  192 f i r s t  deg re e  r e l a t i v e s  o f  
a p a r e n t  w i t h  c e r e b r o v a s c u l a r  d i s e a s e s  and 88 w i t h  
p a r e n t a l  m u l t i - r i s k )  and co m p a r e d  w i t h  v a l u e s  o f  100 
a g e -  and s e x - m a t c h e d  c o n t r o l  c h i l d r e n .  S i g n i f i c a n t  
d i f f e r e n c e s  were fo u n d  on t h e  c o n c e n t r a t i o n  o f  t o t a l  
c h o l e s t e r o l ,  LDL c h o l e s t e r o l ,  HDL 2 c h o l e s t e r o l ,  
a p o l i p o p r o t e i n  A1 and B, l i p i d  p e r o x i d e  and c o p p e r  i n  
t h e  g r o u p s  o f  e n d a n g e re d  c h i l d r e n  i n  c o m p a r i s o n  w i t h  
c o n t r o l s .  T he re  was a weak n e g a t i v e  c o r r e l a t i o n  b e t w e e n  
l i p i d  p e r o x i d e  c o n c e n t r a t i o n  and HDL c h o l e s t e r o l  and 
s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  be tw een l i p i d  p e r o x i d e  
and LDL c h o l e s t e r o l  c o n t e n t ,  as w e l l  as l i p i d  p e r o x i d e  
v e r s u s  c o p p e r  l e v e l .  F i n d i n g s  o f  t h i s  pape r  i n d i c a t e  
t h a t  c o p p e r  has a s i g n i f i c a n t  l i n k  w i t h  p e r o x i d i s e d  
l i p i d s  and t h a t  c o p p e r  m e d i a t e d  l i p i d  o x i d a t i o n  may be 
i n v o l v e d  i n  t h e  mechan isms a s s o c i a t e d  w i t h  i s c h a e m i c  
v a s c u l a r  d i s e a s e  ( I V D ) .  These  p a r a m e t e r s  may be o f  
c o n s i d e r a b l e  a d d i t i o n a l  i m p o r t a n c e  as r i s k  i n d i c a t o r s  
f o r  l a t e r  IVD.  The s t u d y  p r o v i d e s  s u p p o r t  t o  t h e  
r e c o m m e n d a t i o n s  d i r e c t e d  t o  h e a l t h  c a r e  p r o v i d e r s  
c o n c e r n i n g  t h e  s e l e c t i v e  s c r e e n i n g  f o r  c h i l d r e n  who 
have  a p a r e n t a l  h i s t o T y  D f  p r e m a t u r e  IVD.
INTRODUCTION
T h e r e  i s  c o m p e l l i n g  e v i d e n c e  t h a t  t h e  a t h e r o s c l e r o s i s  
p r o c e s s  b e g i n s  i n  c h i l d h o o d  and s l o w l y  p r o g r e s s e s  i n t o  
a d u l t h o o d .  A p o s i t i v e  f a m i l y  h i s t o r y  o f  c o r o n a r y  h e a r t  d i s e a s e  
(CHD) o r  c e r e b r o v a s c u l a r  d i s e a s e  (CVD) i s  r e c o g n i z e d  as an 
i n d e p e n d e n t  r i s k  f a c t o r  f o r  a t h e r o s c l e r o s i s .  C o n s e q u e n t l y  
s e v e r a l  e x p e r t s  recommended s t r a t e g i e s  t o  s c r e e n  s u b j e c t s  a t
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h i g h  r i s k  d u r i n g  young age as t h e  p r i n c i p a l  means f o r  
p r e v e n t i n g  t h e  d e v e l o p m e n t  o f  t h e  d i s e a s e .  Many f a c t o r s  have 
been  examined  i n  an a t t e m p t  t o  i d e n t i f y  d i s c r i m i n a t i v e  i n d i c e s  
a s s o c i a t e d  w i t h  t h e  r i s k  f o r  f u t u r e  i s c h a e m i c  v a s c u l a r  d i s e a s e  
( I V D ) .  Plasma l i p o p r o t e i n  and a p o p r o t e i n  v a l u e s  show a 
s i g n i f i c a n t  c o r r e l a t i o n  w i t h  t h e  i n c i d e n c e  o f  c l i n i c a l  IVD,  
h o w e v e r  a d d i t i o n a l  c o r r e l a t e s  o f  d i s e a s e  p r e v a l e n c e  w o u l d  be 
i n v a l u a b l e  i n  i m p r o v i n g  t h e  a b i l i t y  t o  assess  i n d i v i d u a l  r i s k .  
S e v e r a l  g r o u p s  have  s u g g e s t e d  t h a t  l i p i d  p e r o x i d e s  may be 
i m p o r t a n t  i n  t h e  d e v e l o p m e n t  o f  a t h e r o s c l e r o s i s  i n  
n o r m o l i p i d a e m i c  p e o p l e .  L i p i d  p e r o x i d e s  a re  d e r i v e d  f r o m  t h e  
o x i d a t i o n  o f  u n s a t u r a t e d  f a t t y  a c i d s ,  most  l i k e l y  by an 
e n d o g e n o u s  p r o c e s s ,  and a r e  c a p a b l e  t o  i n d u c e  f u r t h e r  
l i p o p e r o x i d e  p r o d u c t i o n  by a f r e e  r a d i c a l  c h a i n  r e a c t i o n .  The 
m ech an is m  o f  p e r o x i d a t i o n  i s  s u p p o s e d  t o  i n v o l v e  e s s e n t i a l  
t r a c e  e l e m e n t s ,  among them c o p p e r  and z i n c .
The aim o f  t h e  p r e s e n t  s t u d y  was t o  e v a l u a t e  t h e  
d i s c r i m i n a t i v e  v a l u e  o f  t h e  m ea s u r e m e n t  o f  serum l i p i d  p e r o x i d e  
c o n c e n t r a t i o n s ,  c o p p e r  and z i n c  l e v e l s  c o n c e r n i n g  t h e  r i s k  f o r  
f u t u r e  IVD i n  c h i l d r e n  w i t h  f a m i l i a l  h i s t o r y  o f  p r e m a t u r e  CHD 
o r  CVD. Serum l i p i d ,  l i p o p r o t e i n  and a p o p r o t e i n  p a r a m e t e r s  have 
a l s o  been m e a s u r e d .  S t a t i s t i c a l  a n a l y s i s  was p e r f o r m e d  to  
d e t e r m i n e  t h e  r a n k i n g  o f  t h e  above  r i s k  f a c t o r s  be tw een h e a l t h y  
c o n t r o l s  and o f f s p r i n g s  o f  f a m i l i e s  w i t h  p r e m a t u r e  IVD.
SUBJECTS AND METHODS
460 c h i l d r e n  w i t h  an e s t a b l i s h e d  f a m i l i a l  r i s k  f o r  
a t h e r o s c l e r o s i s  b e tw e e n  3 and 12 y e a r s  o f  age were i n v e s t i g a t e d  
and compared  w i t h  100 c o n t r o l  c h i l d r e n  matched  f o r  age and s e x .  
The c h i l d r e n  a t  r i s k  f o r  a t h e r o s c l e r o s i s  were d i v i d e d  i n t o  
t h r e e  g r o u p s :  t h o s e  w i t h  a p a r e n t  s u f f e r i n g  f rom CHD ( s u r v i v i n g  
m y o c a r d i a l  i n f a r c t i o n  be lo w  t h e  age o f  45 y e a r s )  n=1 80 ,  t h o s e  
w i t h  a p a r e n t  s u f f e r i n g  CVD ( h a v i n g  a s t r o k e  and a p o p l e x i a )  
n = 1 9 2 , and m u l t i - r i s k  g r o u p ,  n=B8 . F a m i l i a l  h i s t o r y  was 
o b t a i n e d  t h r o u g h  q u e s t i o n n a i r e s  c o m p l e t e d  by th e  p a r e n t s .
B l o o d  was c o l l e c t e d  a f t e r  an o v e r n i g h t  f a s t  i n  t h e  p r e s e n c e  
o f  a n t i o x i d a n t s .  The c o n c e n t r a t i o n  o f  t r i g l y c e r i d e s ,  t o t a l  
c h o l e s t e r o l ,  L D L , HDL- ,  and HDL^-  c h o l e s t e r o l  was m easur ed  
e n z y m a t i c a l l y  u s i n g  B o e h r i n g e r  P e r i d o c h r o m  CHOD-PAP t e s t s .  Apo
Serum l ip id  peroxides 265
A l ,  A2 and В were  d e t e r m i n e d  u s i n g  S eb ia  ( P a r i s )  A p o f i l m  
p l a t e s .  The l i p i d  p e r o x i d e  l e v e l  i n  se ru m was c h a r a c t e r i z e d  by 
t h e  amo un t  o f  t h i o b a r b i t u r i c  a c i d  r e a c t i v e  s u b s t a n c e s  (TBARS) 
measur ed  a c c o r d i n g  t o  t h e  method o f  Lee / 1 / .
C opper  and z i n c  a n a l y s i s  was p e r f o r m e d  i n  r a ndom ly  s e l e c t e d  
26 c o n t r o l  and 37 " r i s k "  s e ru m  by a t o m i c  a b s o r p t i o n  
s p e c t r o p h o t o m e t r y .
S t a t i s t i c a l  a n a l y s i s  was p e r f o r m e d  by S t u d e n t ' s  t e s t .  
C o r r e l a t i o n  c o e f f i c i e n s  were c a l c u l a t e d  t o  assess  t h e  r e l a t i o n  
among p la sm a l i p i d  p a r a m e t e r s  and l i p i d  p e r o x i d e  
c o n c e n t r a t i o n s .
RESULTS
I n  T a b l e  I  mean v a l u e s ,  s t a n d a r d  d e v i a t i o n s  and s t a t i s t i c a l  
d i f f e r e n c e s  a r e  p r e s e n t e d  f o r  some o f  t h e  e s s e n t i a l  se rum  
p a r a m e t e r s  o f  t h e  t h r e e  h i g h  r i s k  g r o u p s  o f  c h i l d r e n  i n  
c o m p a r i s o n  w i t h  t h e  c o n t r o l s .  T h e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  i n  h a e m o g l o b i n  A^ç ,  u r i n  a c i d  o r  t r i g l y c e r i d s  
c o n c e n t r a t i o n  and i n  Apó A1/A2 r a t i o  be tween t h e  r i s k  g r o u p s  
and c o n t r o l s .  S i g n i f i c a n t  o r  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  
were f o u n d  i n  t h e  c o n c e n t r a t i o n  o f  t o t a l  c h o l e s t e r o l ,  LDL 
c h o l e s t e r o l ,  HDL2 c h o l e s t e r o l ,  a p o l i p o p r o t e i n  A1 and B, i n  t h e  
CHD and i n  t h e  CVD g ro u p  i n  c o m p a r i s o n  w i t h  c o n t r o l s .  I n  t h e  
m u l t i - r i s k  g r o u p  s i g n i f i c a n t l y  e l e v a t e d  t o t a l  c h o l e s t e r o l  and 
LDL c h o l e s t e r o l  c o n c e n t r a t i o n  and s i g n i f i c a n t l y  d e c r e a s e d  HDL 
c h o l e s t e r o l  c o n t e n t  c o u l d  be d e m o n s t r a t e d .
Mean serum l i p i d  p e r o x i d e  c o n c e n t r a t i o n  ( e x p r e s s e d  i n  t e r m s  
o f  m a l o n d i a l d e h y d e , MDD c o n t e n t )  o f  c h i l d r e n  w i t h  f a m i l i a l  r i s k  
f o r  IVD were  h i g h e r  t h a n  a v e r a g e  c o n t r o l  v a l u e s :  t h e  d i f f e r e n c e  
was h i g h l y  o r  v e r y  h i g h l y  s i g n i f i c a n t  i n  th e  CVD and i n  t h e  
M u l t i - r i s k  g r o u p ,  r e s p e c t i v e l y  / T a b l e  I I / .  L e v e l s  e x c e e d i n g  45 
mmol M D A/d l  o c c u r r e d  i n  27,  74 and 92 p e r c e n t  o f  t h e  c a s e s  i n  
t h e  CHD, CVD and M u l t i - r i s k  g r o u p ,  r e s p . ,  whereas  w i t h i n  t h e  
c o n t r o l  g r o u p  o n l y  i n  9% o f  t h e  s u b j e c t s  were f o u n d  e l e v a t e d  
MDA c o n c e n t r a t i o n s .  C o n c e r n i n g  t h e  r e l a t i o n  among l i p i d  
p e r o x i d e  c o n t e n t  and t h e  v a r i o u s  s e ru m  l i p i d  p a r a m e t e r s ,  l i p i d  
p e r o x i d e  c o n c e n t r a t i o n  showed no s i g n i f i c a n t  c o r r e l a t i o n  w i t h
TABLE I
Mean c o n c e n t r a t i o n s  (+_SD) d i f f e r e n t  p a r a m e t e r s  measured i n  t h e  s e r a  o f  h i g h  r i s k  
c h i l d r e n  o f  p a r e n t s  w i t h  p r e m a t u r e  i s c h a e m i c  v a s c u l a r  d i s e a s e  i n  c o m p a r i s o n  w i t h
age and sex matched  c o n t r o l s
Group of  chi 1 tlrini 
P a r e n t ' s  d isea se
P a r a m e t e r l . C o n t r o l . 2 !. C o r o n a r y  h e a r
( n-.I.OO ) d i s e a s e  ( n - 1 8 0 )
Haemogl o b i n 1
A1C ( mura 1/  1 ) 7 . 0 1  ( 0 . 9 2 ) 6 . 9 6  ( 0 . 9 7 )
U r i c  a c i d  
( nmo1/ m l  ) 2 2 0 . 3  ( 4 B . 2 ) cp 1 n )
T o t a l  c h o l e s ­
t e r o l  ( mmo1/ 1 ) 4 . 4 8  ( 0 . 6 8 ) 4 . 8 3  ( 0 . 8 7 ) *
T r i g  1 y c e r  i d e  
( mmol / 1 ) 0 . 8 2  ( 0 . 2 0 ) 0 . 8 2  ( 0 . 2 5 )
LDL c h o l e s t e r o l  
( mmo1/ 1 ) 2 . 1 7  ( 0 . 8 0 ) 2 . 7 3  ( 1 . 1 0 )
HDL c h o l e s t e r o l  
( mmo1/ 1 ) 1 . 6 1  ( 0 . 3 5 ) 1 . 3 2  ( 0 . 2 5 ) *
HDL—2 c h o l .e s — 
t e r o 1 ( mmo1/ 1 ) 0 . 7 5  ( 0 . 3 1 ) О . 5 9  ( 0 . 3 3 ) *
HDL—2 / HDL—3 0 . 8 7 О . ВО
A p o l i p o p r o t e i n  
A1 m g / d l 1 5 2 . 4  ( 2 2  - 0 ) 1 3 1 . 3  ( 2 2 . 0 ) * *
A p o l i p o p r o t e i n  
В ( m g / d l ) 5 0 . 3  ( 1 4 ) 6 3 . 3  ( 1 7 ) * *
A p o l i p o p r o t e i n  
A1 /A2 3 . 6  ( 0 . 6 ) 3 . 6  ( 0 . 5 )
3 .  Cerebrova sc u1ar  
d is ea se  (n = l? 2 )
4.  Mul t i - r i s k  1 
( n - 8 8 )
5. To ta l  2 -4
( п - 4 6 0 I
6 . 66) ( 0 . 8 8 ) 7 .3 8 ( 1 . 36) 6 ..91 ( 1.0.1. )
234 . ■0 ( 3 6 . 1  ) 209 - 1 ( 4 7 . 7 ) 2Н4..В (46.8)
5 .05 ( 0 . 7 2 ) *  * 4 .8 7 ( 0 . 9 2 ) * 4.93 1[0.9:1. )t
0 . 8 9 ( 0 . 4 9 ) 0 .81 ( 0 . 3 5 ) 0.. &\ ( 0.. 3 7  )
3 .4 7 ( 0 . 9 5 ) *  * 3 . 0  7 ( О .. 66 ) * З./Xï 1(о..'Т)Н
1 .37 ( 0 . 3 0 ) * 1 . 4 3 ( 0 . 2 1 ) * 1 . :/ 1 ч
0 . 60 
о
( 0 . 2 7 ) *  
. 78
0 . 7  1 
О.
( о .32)  
88
' '../2 1го., о н  
0 . 82
130. 0 ( 1 7 . 0 ) * * 14 7 . 3 ( 2 1 . 0 ) 133.90 •1 ..0 И 1
6 2 . 5 ( 1 9 ) *  * 5 6 .9 (16) 6:1 .7 ( 18 ) 1
3 . 5 ( 0 . 6  ) 3 . 6  ( 0 . 3 ) ••. 6 ( 0 . 5  )
S i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l s :  * - p <0 .0 5  and ** p .9.01
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TABLE I I
Mean seru m l i p i d  p e r o x i d e  l e v e l s  ( j^SD) and t h e  o c c u r r e n c e  o f  
e l e v a t e d  MDA c o n c e n t r a t i o n s  i n  t h e  v a r i o u s  g ro u p s  o f  c h i l d r e n
Group  o f  c h i l d r e n  
P a r e n t s ' s d i s e a s e
L i p i d
cone
p e r o x i d e  
(n m o l  M D A / d l )
% o c c u r r e n c e  o f  
l e v e l s > 4 5  nmo l  
MDA/dl
1.  c o n t r o l  ( n = 9 4 ) 3 8 .2 ( 9 . 8 ) 9
2 . c o r o n a r y  h e a r t  
d i s e a s e  (n = 1 6 3 ) 41 . 7 ( 1 4 . 3 ) 27
3.  C e r e b r o v a s c u l a r  
d i s e a s e  (n = 1 6 7 ) 49 . 1 CO Ж ж 74
4.  M u l t i  r i s k  ( n = 7 2 ) 6 7 . 0 ( 2 4 . 2 ) * * * 92
T o t a l  2 - 4  (n = 4 0 2 ) 4 9 . 3 ( 1 5 . 0 ) * * 58
TABLE I I I
C o p p e r  and z i n c  c o n c e n t r a t i o n s  (mean+_SD) i n  t h e  s e ru m  o f  
v a r i o u s  g r o u p s  o f  c h i l d r e n
Group  o f  c h i l d r e n  
P a r e n t s ' s d i s e a s e
1 . c o n t r o l  ( n = 2 6 )
2 . c o r o n a r y  h e a r t  
d i s e a s e  ( n = 1 5 )
3.  C e r e b r o v a s c u l a r  
d i s e a s e  ( n = 11)
4.  M u l t i  r i s k  ( n = l 1) 
T o t a l  2 - 4  ( n = 3 7 )
Copper  cone  
(m g /1  )
0 . 6 2  ( 0 . 1 9 )
0 . 7 4  ( 0 . 0 8 )
0 .9 1  ( 0 . 0 7 ) * *  
0 .8 8  ( 0 . 0 8 ) *  
0 . 8 4  ( 0 . 0 8 ) *
Z in c  cone 
( m g / 1 )
0 . 86  ( 0 . 1 1 )
0 .8 5  ( 0 . 0 7 )
0 .8 5  ( 0 . 1 0 )  
0 .8 6  ( 0 . 0 9 )  
0 .8 6  ( 0 . 0 8 )
S i g n i f i c a n t l y  d i f f e r e n t  f r o m  c o n t r o l s :
S i g n i f i c a n t l y  d i f f e r e n t  f r o m  c o n t r o l s :
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t r i g l y c e r i d e ,  t o t a l  c h o l e s t e r o l  o r  HDL2 c h o l e s t e r o l  ( r = 0 . 1 3 ,
0 . 2 0  and 0 . 1 9 ,  r e s p . )  a weak s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  
w i t h  HDL c h o l e s t e r o l  ( r = 0 . 2 7 ,  p < 0 . 0 1 )  and a s i g n i f i c a n t  
p o s i t i v e  c o r r e l a t i o n  w i t h  LDL c h o l e s t e r o l  ( r = 0 . 4 6 ,  p < 0 . 0 0 1 ) .
T a b l e  I I I  shows t h e  avera ge  v a l u e s  (LSD)  o f  c o p p e r  and o f  
z i n c  i n  t h e  v a r i o u s  g r o u p s  o f  c h i l d r e n .  The mean c o p p e r  
c o n c e n t r a t i o n  i n  c o n t r o l  c h i l d r e n  was 1 . 2 4  mg/1 .  Copper  l e v e l s  
o f  t h e  " e n d a n g e r e d "  g r o u p  were f o u n d  t o  be s i g n i f i c a n t l y  l o w e r .
I n  th e  mean v a l u e s  o f  z i n c  no c o n s i s t e n t  d i f f e r e n c e s  c o u l d  
be d e m o n s t r a t e d .
A n a l y s i n g  t h e  r e l a t i o n  be tween c o p p e r  l e v e l  and l i p i d  
p e r o x i d e  c o n c e n t r a t i o n ,  a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  was 
f o u n d  i n  e v e r y  i n v e s t i g a t e d  g r o u p ,  as d e m o n s t r a t e d  by t h e  
c a l c u l a t e d  r e g r e s s i o n  l i n e s  ( F i g .  1 ) .
MDA 
nmol / dl
— I---------------------------T---------------------------- |------------------------------,------------- -----------------------
LO 1.2 1.4 Си mg/1
F i g .  1.  C o r r e l a t i o n s  b e t w e e n  serum c o p p e r  and l i p i d  p e r o x i d e  
c o n c e n t r a t i o n .  C a l c u l a t e d  r e g r e s s i o n  l i n e s  f o r :  c o n t r o l  
g roup  / . . . /  p < 0 . 0 0 1 ; c o r o n a r y  h e a r t  d i s e a s e  g r o u p
/ - • - /  p < 0 . 0 0 1 ; c e r e b r o v a s c u l a r  d i s e a s e  g ro up  / ----- /  p
< 0 . 0 0 1 ; m u l t i - r i s k  g roup / • • • - • • • /  p < 0 . 0 1 ; and t o t a l  
o f  e n d a n g e r e d  c h i l d r e n  / ------ /  p < 0 . 0 0 1
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DISCUSSION
B ecause  o f  t h e  s t r o n g  e v i d e n c e  d e m o n s t r a t i n g  t h a t  t h e r e  i s  a 
f a m i l i a l  a g g r e g a t i o n  o f  IVD i t  i s  i m p o r t a n t  even i n  c h i l h o o d  t o  
r e c o g n i s e  t h e  l e v e l s  o f  r i s k  f a c t o r s .
S t u d i e s ,  d e a l i n g  w i t h  t h e  q u e s t i o n  w h e t h e r  c h i l d r e n  f r o m  
p a r e n t s  w i t h  p r e m a t u r e  IVD d i f f e r  i n  r e g a r d s  t o  t h e i r  l i p i d  o r  
l i p o p r o t e i n  l e v e l s  f r o m  t h o s e  w i t h o u t  any f a m i l i a l  h i s t o r y ,  
r e p o r t e d  on e l e v a t e d  t o t a l  c h o l e s t e r o l  and L D L - c h o l e s t e r o l  / 2 -  
4 / ,  d e c r e a s e d  H D L - c h o l e s t e r o l  / 5 ,  6 /  o r  c o m b i n a t i o n  o f  t h e r e o f  
i n  t h e  e n d a n g e re d  o f f s p r i n g s .  R e c e n t  s t u d i e s  / 7 - 1 0 /  s u g g e s t  
t h a t  t h e  r a t i o  o f  Apo A l / A p o  B, o r  L p / a /  c o n c e n t r a t i o n  i n  a 
b e t t e r  d i s c r i m i n a t o r  be tw een g r o u p s  w i t h  o r  w i t h o u t  f a m i l y  
h i s t o r y  o f  IVD.  Our d a t a  c o n f i r m  t h a t  t h e  above r e s u l t s ,  
d e m o n s t r a t i n g  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  mean l e v e l s  o f  
c e r t a i n  l i p i d s ,  l i p o p r o t e i n s  and a p o p r o t e i n s  measured  i n  t h e  
r i s k  g r o u p s  i n  c o m p a r i s o n  w i t h  c o n t r o l s .
The p o t e n t i a l  r o l e  o f  l i p i d  p e r o x i d e s  i n  a t h e r o g e n e s i s  i s  
s u p p o r t e d  by a n i m a l  e x p e r i m e n t s  / 1 1 ,  1 2 /  and e p i d e m i o l o g i c a l  
d a t a  / 1 3 - 1 5 / .  S i n c e  serum l i p i d  p e r o x i d e  l e v e l s  may v a r y  i n  
yo ung  s u b j e c t s  w i t h o u t  a b n o r m a l i t y  i n  common l i p i d  r i s k  f a c t o r s  
/ 1 6 / ,  t h e y  may have p o t e n t i a l  as a u s e f u l  i n d e x  i n  t h e  i m p r o v e d  
a s s e s s m e n t  o f  IVD r i s k .  Our s t u d i e s  showed t h a t  se rum  l i p i d  
p e r o x i d e  c o n c e n t r a t i o n s  a r e  r a i s e d  s i g n i f i c a n t l y  i n  a 
s u r p r i s i n g l y  h i g h  number  o f  t h e  e n d a n g e r e d  c h i l d r e n .  The 
p o s i t i v e  c o r r e l a t i o n  be tween t h e  c o n c e n t r a t i o n  o f  l i p i d  
p e r o x i d e  and LDL c h o l e s t e r o l ,  i n  a g r e e m e n t  w i t h  t h e  f i n d i n g s  o f  
o t h e r s  / 1 7 / ,  g i v e  f u r t h e r  s u p p o r t  t o  t h e  known a t h e r o g e n e c i t y  
o f  LDL.  On t h e  o t h e r  hand ,  h i g h  HDL c h o l e s t e r o l  l e v e l s  were  
a s s o c i a t e d  w i t h  low l e v e l s  o f  p e r o x i d e s :  t h i s  m i g h t  r e f l e c t  t h e  
p o s s i b l e  a n t i o x i d a n t  e f f e c t  o f  HDL / 1 8 / .
I t  i s  g e n e r a l l y  a g r e e d  t h a t  t r a c e  m e t a l s  m i g h t  be i n v o l v e d  
i n  t h e  mechanism o f  l i p i d  p e r o x i d a t i o n  and t h u s  a s s o c i a t e d  w i t h  
IVD / 1 9 / .  From among t h e s e  t r a c e  e l e m e n t s  s e l e n i u m  owes i t s  
e s s e n t i a l i t y  t o  i t s  i n c o r p o r a t i o n  i n t o  t h e  a c t i v e  s i t e  o f  t h e  
enzyme g l u t a t h i o n  p e r o x i d a s e ,  one o f  t h e  m a j o r  l i n e s  o f  d e f e n c e  
o f  t h e  o r g a n i s m  a g a i n s t  damage by r e a c t i v e  h y d r o p e r o x i d e ,
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i n c l u d i n g  l i p i d  p e r o x i d e s  / 2 0 / .  A t h e r o s c l e r o s i s  was f o u n d  t o  be 
r e l a t e d  t o  low l i v e r ,  h e a r t  and l e u c o c y t e  co p p e r  / 2 1 / ,  p r o b a b l y  
b e c a u s e  p r o l o n g e d  s u b o p t i m a l  t i s s u e  l e v e l s  o f  c o p p e r  c o u l d  
i m p a i r  C u - e n z y m - d e p e n d e n t  f u n c t i o n s ,  such as t h e  a n t i o x i d a n t  
a c t i v i t y  o f  s u p e r o x i d e  d i s m u t a s e  / 2 2 / .  On t h e  o t h e r  h a n d ,  t h e  
p a r t i c i p a t i o n  o f  c o p p e r  i n  th e  f r e e  r a d i c a l  o x i d a t i o n  o f  LDL i n  
s e ru m  has been i m p l i c a t e d  / 2 3 /  and i n d e e d ,  h i g h  l e v e l s  o f  
c o p p e r  were f o u n d  i n  t h e  se rum o f  a t h o r e s c l e r o t i c  p a t i e n t s  
/ 2 4 / .  Our f i n d i n g s  i n d i c a t e  t h a t  se rum  c o p p e r  has a s i g n i f i c a n t  
l i n k  w i t h  t h e  l e v e l  o f  l i p i d  p e r o x i d e s .  Z i n c  l e v e l s  r e m a i n e d  
r e l a t i v e l y  c o n s t a n t ,  i n  a c c o r d a n c e  w i t h  l i t e r a t u r e  / 2 4 / .
I n  l i g h t  o f  t h e s e  o b s e r v a t i o n s  i t  i s  e a r l y  t o  d raw 
c o n c l u s i o n s  r e g a r d i n g  t h e  d i s c r i m i n a t i v e  v a l u e  o f  p e r o x i d a t e d  
l i p i d s  and o f  c o p p e r  i n  a s s e s s m e n t  o f  i n d i v i d u a l  r i s k  f o r  
p r e m a t u r e  a t h e r o s c l e r o s i s .  H ow ever ,  d r a w i n g  th e  a t t e n t i o n  o f  
p h y s i c i a n s  and o t h e r  h e a l t h  p r o f e s s i o n a l s  c o n c e rn e d  w i t h  c h i l d  
h e a l t h  c a r e  i n  t h e s e  c o r r e l a t i o n s  m i g h t  h e l p  t o  i d e n t i f y  and 
t r e a t  c h i l d r e n  who a r e  a t  g r e a t e s t  r i s k  o f  a t h e r o s c l e r o s i s .
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I
T o t a l  se rum t h y r o x i n e ,  t o t a l  3 , 5 , 3  - t r i i o d o t h y r o n i n e  
and t h y r o i d  s t i m u l a t i n g  hormone c o n c e n t r a t i o n s  were 
d e t e r m i n e d  by r a d i o i m m u n o a s s a y  i n  488 p r e t e r m  c h i l d r e n  
b o r n  b e f o r e  t h e  38 week o f  p r e g n a n c y  w i t h  b i r t h  w e i g h t  
u n d e r  2500 g and 640 h e a l t h y  f u l l t e r m  c h i l d r e n  w i t h  
h e i g h t  and w e i g h t  w i t h i n  t h e  n o r m a l  ran ge  (95%) f o r  age 
o f  1 t o  5 y e a r s .  Serum t h y r o x i n e  and 3 , 5 , 3  -  
t r i i o d o t h y r o n i n e  were  s i g n i f i c a n t l y  l o w e r  (p  < 0 . 0 1 ,  
p < 0 . 0 0 1 )  i n  p r e t e r m  c h i l d r e n  d u r i n g  th e  f i r s t  two
y e a r s  o f  l i f e  as compared  w i t h  f u l l t e r m  c h i l d r e n .  Jn 
p r e t e r m  c h i l d r e n  serum t h y r o x i n e  and 3 , 5 , 3  -  
t r i i o d o t h y r o n i n e  l e v e l s  r e a c h e d  t h e  l e v e l s  o f  f u l l t e r m  
c h i l d r e n  i n  t h e  t h i r d  y e a r  o f  l i f e .  Serum t h y r o i d  
s t i m u l a t i n g  hormone c o n c e n t r a t i o n s  were s i g n i f i c a n t l y  
h i g h e r  (p  < 0 . 0 1 ,  p < 0 . 0 0 1 )  i n  a l l  age g r o u p s  i n
p r e t e r m  c h i l d r e n  r e l a t e d  t o  f u l l t e r m  c h i l d r e n  and d i d  
n o t  change  p r o g r e s s i v e l y  w i t h  age .  No d i f f e r e n c e s  i n  
t h y r o x i n e ,  3 , 5 , 3  - t r i i o d o t h y r o n i n e  and t h y r o i d  
s t i m u l a t i n g  hormone l e v e l s  w ere  r e c o r d e d  b e t w e e n  boys  
and g i r l s  w i t h i n  any age g r o u p s .
INTRODUCTION
I t  i s  w e l l  known t h a t  t h y r o i d  ho rm ones  p l a y  a c r u c i a l  r o l e  
i n  o r g a n i s m  f r o m  t h e  f i r s t  day  o f  h i s  p o s t n a t a l  l i f e .  The 
m e a su r em en t  o f  t h y r o i d  hormone c o n c e n t r a t i o n  i s  i m p o r t a n t  i n  
p r e t e r m  c h i l d r e n  ( P T ) ,  t h e  more  s o ,  as some d i f f e r e n c e s  i n  
c o m p a r i s o n  t o  f u l l t e r m  c h i l d r e n  ( F T )  were n o t e d  / 4 ,  5 ,  1 0 / .  
Because o f  t h e  p a u c i t y  o f  p u b l i s h e d  t h y r o x i n e  ( T 4 ) ,  3 , 5 , 3  -  
t r i i o d o t h y r o n i n e  ( T 3 )  and t h y r o t r o p i n e  (TSH) m e a s u r e m e n ts  i n  PT 
and FT c h i l d r e n  i n  o u r  r e g i o n ,  we have s t u d i e d  t h e i r  
c o n c e n t r a t i o n  f r o m  1 t o  5 y e a r s  o f  age .
Akadémiai Kiadó,  Budapest
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SUBJECTS AND METHODS
1128 c h i l d r e n  f r o m  t h e  Eas t  S l o v a k i a  r e g i o n  were i n c l u d e d  i n  
o u r  c m s e c t i o n a l  s t u d y :  488 PT c h i l d r e n  (202 boys  and 286
g i r l s ) ,  bo rn  b e f o r e  t h e  3 8 t h  week o f  p r e g n a n c y  w i t h  a l o w  b i r t h  
w e i g h t  ( u n d e r  2500 g )  and 640 h e a l t h y  FT c h i l d r e n  (326  b o y s  and 
314  g i r l s )  w i t h  h e i g h t  and w e i g h t  w i t h i n  t h e  no rm a l  (95%)  r a n g e  
f o r  age / 1 2 / .
B l o o d  was d rawn a l w a y s  a t  8 . 0 0 - 1 0 . 0 0  a .m .  i n  summer m o n t h s  
1 9 8 4 - 1 9 8 6  f r o m  a p e r i p h e r a l  v e i n  and serum  was f r o z e n  a t  - 2 0 ° C  
u n t i l  a n a l y s i s  was p e r f o r m e d .
The t o t a l  se rum T4 and T3 c o n c e n t r a t i o n s  i n  s a m p l e s  were  
a s s e s s e d  by c o m m e r c i a l  r a d i o i m m u n o a s s a y  k i t s  (URVJT, K o s i c e ,  
SR) and TSH c o n c e n t r a t i o n s  u s i n g  c o m p o n e n t s  f r om  NIH B e t h e s d a  
( U S A ) , b y  c o u n t  r a t e  r e c o r d e d  on m u l t i d e t e c t o r  c o u n t e r  RIA JNG 
401 (URVJT,  K o s i c e ,  SR) .
C h i l d r e n  w i t h  d i s o r d e r s  and t r e a t m e n t  w h ic h  c o u l d  i n f l u e n c e  
s e r u m  hormone l e v e l s  w e re  e x c l u d e d  f r o m  t h e  s t u d y .
C l a s s i f i c a t i o n  o f  t h e  c h i l d r e n  i n t o  i n d i v i d u a l  age 
c a t e g o r i e s  was done  on t h e  b a s i s  o f  t h e  c h r o n o l o g i c a l  age by 
d e c i m a l  age a n a l y s i s  ( / 1 5 /  ( i . e .  a g r o u p  o f  5 y e a r s  c o m p r i s e d  
c h i l d r e n  aged 5 . 0 - 5 . 9  y e a r s ) .
Hormone d a t a  w ere  a n a l y s e d  u s i n g  S t u d e n t ' s  t  u n p a i r e d  t e s t  
and  c o r r e l a t i o n s  w i t h  c h r o n o l o g i c a l  age were done by l i n e a r  
r e g r e s s i o n  and e x p r e s s e d  as c o r r e l a t i o n  c o e f f i c i e n t  г  ( F i g s .  
1 - 6 ) .
The r e s u l t s  a re  e x p r e s s e d  as mean +SD i n  Ta b le s  I  and I I .
I n t r a a s s a y  and i n t e r a s s a y  c o e f f i c i e n t s  o f  v a r i a t i o n  were 
a b o u t  7% and 11%, r e s p e c t i v e l y .
RESULTS
The mean serum c o n c e n t r a t i o n s  o f  T4 i n  FT and PT boys  o f  
d i f f e r e n t  ages a re  d e m o n s t r a t e d  on F i g .  1.  I t  ap pea re d  t h a t  t h e  
T4 c o n c e n t r a t i o n s  i n  t h e  f i r s t  tw o  y e a r s  o f  l i f e  a r e  
s i g n i f i c a n t l y  ( p < , 0 . 0 0 1 )  l o w e r  i n  PT boys  as compared  t o  FT 
o n e s .  An e x p r e s s i v e  r i s e  i n  se rum c o n c e n t r a t i o n s  o f  T4 was
n o t e d  a t  3 y e a r s  o f  age -  t h e  mean T4 l e v e l  i n  t h i s  g r o u p  
s i g n i f i c a n t l y  ( p < 0 . 0 1 )  exceeded  t h a t  o f  t h e  F I  b o y s .  I n  t h e  
n e x t  y e a r s  F I  boys  had h i g h e r  l e v e l s  o f  14 i n  c o m p a r i s o n  w i t h  
PT b o y s ,  a l t h o u g h  n o t  s i g n i f i c a n t l y .
S i m i l a r l y ,  s i g n i f i c a n t l y ( p < 0 . 0 0 1 )  l o w e r  T4 l e v e l s  a t  t h e  age 
o f  1 and 2 were o b s e r v e d  i n  PT g i r l s  c o m p a r e d  w i t h  t h o s e  o f  FT
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TABLE I
Serum l e v e l s  o f  t h y r o i d  ho rmones  ( n m o l / 1 )  and t h y r o t r o p i n  
(yu l l /m l )  i n  p r e t e r m  c h i l d r e n  (m + SD)
BOYS
AGE T4
GIRLS
T4
PRETERM CHILDREN 
BOYS GIRLS 
T3 T3
BOYS
TSH
GIRLS
TSH
1 74 ±13.5 75 ±15.0 1.0 ±0.6 0.9 ±0.5 5.9 ±1.2 6.5 ± 2.6
{47}a {65} {45} {63} {18} {22}
2 83 ±13.4 87 ±15.5 1.9 ±0.6 1.7 ±0.8 5.8 ±1.6 5.7 ±0.8
{431 (55} {38} {52} {30} (44)
3 129 ±25.3 121 ±24.0 2.3 ±1.0 2.3 ±0.9 5.4 ±1.3 5.7 ±1.1
{27} {37} {24} {28} {12} (24)
4 130 ±21.8 135 ±31.0 2.5 ±0.5 2.5 ±0.7 5.5 ±0.8 5.9 ±1.0
{34} {41} {34} {30} П7) {21}
5 125 ± 24.7 134 ±30.0 2.7 ±0.6 2.5 ±0.6 5.8 ±1.0 5.9 ±0.9
124} {32} {23} {32} {10} (20)
a - The number of observations are in parentheses
TABLE I I
Serum le v e ls  of th y ro id  hormones (n m o l/1 )  and th y ro tro p in  
(/U ll/m l) in  fu l l t e r m  c h i ld r e n  (m + SD)
AGE
BOYS
T4
GIRLS
T4
FULLERM CHILDREN
BOYS GIRLS 
T3 T3
BOYS
TSH
GIRLS
TSH
1 97 ±18.4 93 ±12.9 2.0 ±0.8 1.9 ± 0.7 4.2 ±1.8 4.3 ± 1.6
{301° (30) (25) (28) (261 (26)
2 97 ±16.6 99 ±19.0 2.2 ±0.8 2.3 ±0.7 4.0 ±1.9 4.4 ± 1.6
1411 (441 (32) (29) (30) (29)
3 97 ±17.0 118 ±13.2 2.3 ±0.8 2.1 ±0.7 4.4 ±1.3 4.2 ±1.2
(59} (53) (51) (47) (40) (40)
4 136 ±22.6 L26 ±17.3 2.6 ±0.9 2.4 ±0.9 4.2 ± 1.8 4.8 ±2.3
(79) (73) (63) (53) (54) (43)
5 133 ± 19.4 127± 22.3 2.6 ±0.8 2.6 ±0.8 5.2 ±2.5 4.7 ± 1.4
(63) (76) (53) (66} (60) (64)
a — The number of observations are in parentheses
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on e s  ( F i g .  2 ) .  PT g i r l s  had no s i g n i f i c a n t l y  h i g h e r  l e v e l s  o f  
T4 i n  c o m p a r i s o n  t o  FT g i r l s  f r o m  3 t o  5 y e a r s  o f  age .
S i g n i f i c a n t l y  ( p ^ O . O l ,  p < 0 . 0 0 1 )  l o w e r  l e v e l s  o f  T3 were  
f o u n d  a t  1 y e a a r  o f  age i n  PT b o y s  ( F i g .  3) and a t  1 and 2 
y e a r s  o f  age i n  PT g i r l s  ( F i g .  4 ) .  No s i g n i f i c a n t  d i f f e r e n c e  i n  
se ru m  l e v e l s  o f  T3 were measured  i n  b o t h  g ro u p s  f r o m  3 t o  5 
y e a r s  o f  age.
T h e r e  were s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n s  be tw een t h e  age 
g r o u p s  and T4 l e v e l s  i n  PT and FT c h i l d r e n .
I n  PT boys  and g i r l s  o f  a l l  s t u d i e d  age g ro u p s  ( w i t h  t h e  
e x c e p t i o n  o f  5 y e a r  o l d  b o y s )  s e ru m  TSH c o n c e n t r a t i o n s  were  
s i g n i f i c a n t l y  h i g h e r  (p<^ 0 . 0 1 ,  p ^  0 . 0 0 1 )  th a n  t h o s e  o f  FT 
c h i l d r e n  and a p p e a r e d  t o  r e m a i n  u n a l t e r e d  t h r o u g h o u t  t h e  
o b s e r v e d  p e r i o d  ( F i g s . 5 and 6 ) .
No d i f f e r e n c e s  i n  T4,  T3 and TSH l e v e l s  were  r e c o r d e d  
b e t w e e n  boys and g i r l s  w i t h i n  t h e  age g r o u p s .
DISCUSSION
H y p o t h a l a m i c - p i t u i t a r y - t h y r o i d  a x i s  i s  a c t i v a t e d  i m m e d i a t e l y  
a f t e r  b i r t h  and s e v e r a l  changes  o c c u r  i n  t h i s  sy s te m  i n  t h e  
f i r s t  h o u r s  o f  p o s t n a t a l  l i f e .  T h a t  i s  why t h e  e a r l y  p e r i o d  o f  
e x t r a u t e r i n e  l i f e  has  been e x t e n s i v e l y  s t u d i e d  / 1 ,  7,  8 ,  9 / .  
C h i l d r e n  w i t h  l o w  b i r t h  w e i g h t  f r e q u e n t l y  d i f f e r  f r o m  f u l l t e r m  
ones  as t o  t h e  p a t t e r n  o f  p o s t n a t a l  g r o w t h ,  p o s s i b l y  as a 
c o n s e q u e n c e  o f  a d e l a y  o f  t h e  m a t u r a t i o n  o f  t h e  p i t u i t a r y -  
t h y r o i d  a x i s  / 3 ,  10 ,  1 3 / .  Normal  p r e t e r m  i n f a n t s  have a p a t t e r n  
o f  t h y r o i d  f u n c t i o n  q u a l i t a t i v e l y  s i m i l a r  b u t  q u a n t i t a t i v e l y  
d i f f e r e n t  f r o m  t h a t  o f  f u l l t e r m  i n f a n t s  a t  f i r s t  weeks o f  l i f e  
/ 1 4 / .  I n  low  b i r t h  w e i g h t  new bor ns  t h e  measurement o f  T4 i n  
se ru m a l o n e  may f a l s e l y  i n d i c a t e  p r i m a r y  h y p o t h y r o i d i s m .  As 
d e s c r i b e d  / 9 / ,  a f t e r  5 days o f  age ,  th e  se rum TSH
c o n c e n t r a t i o n s  were  n o r m a l  i n  a l l  new b o r n s ,  i n c l u d i n g  PT and 
s m a l l  f o r  g e s t a t i o n a l  age b a b i e s .  T h e r e f o r e  i t  was c o n c l u d e d  
t h a t  a s u p p l e m e n t a r y  measurement  o f  TSH s h o u l d  be p e r f o r m e d  
a f t e r  t h e  5 t h  day o f  l i f e  t o  e x c l u d e  t h e  d i a g n o s i s  o f  
c o n g e n i t a l  h y p o t h y r o i d i s m .
IУ /Х  PRETERMS FULLTERMS
r =  0 .8 6  , p = 0 .0 6  r =  0 . 9 3  , p = 0 .0 2
F i g .  1. Mean c o n c e n t r a t i o n s  (+1 SD) o f  serum T4 i n  p r e t e r m  and f u l l t e r m  b o y s .
* *  P < 0 . 0 1 ,  * * *  P < 0 .0 0 1
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У /Л  p r e t e r m s  Г : I f u l l t e r m s
г =0.95 , p= 0.01 г = 0.96, p = 0.01
F ig .  2. Mean c o n c e n tra t io n s  (+1 SD) o f serum Î4 in  pre term  and f u l l t e r m  g i r l s .
*  *  *  p 0 .*0 01
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Х //Л  PRETERMS !.. I FULLTERMS
г = 0.95 , p = 0.01 г = 0.95 , p = 0.01
F ig .  3. Mean c o n c e n tra t io n s  (+ 1 SD) o f serum Î3 in  pre term  and f u l l t e r m  boys.
* * *  P < 0.001
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r= 0.92 , p = 0.03 г = 0.92 , p = 0.03
Pig . 4. Mean c o n c e n tra t io n s  (+1 SD) o f serum T3 in  pre term  and f u l l t e r m  g i r l s .
* *  P < 0 .01 , * * *  P < 0.001
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Ÿ / / \  PRETERMS Г I FULLTERMS
г = -  O.UU , p = 0.5 r = 0.76 , p = 0.1
F i g .  5.  Mean c o n c e n t r a t i o n s  (+1 SD) o f  se rum TSH i n  p r e t e r m  and f u l l t e r m  b o y s .
P < 0 . 0 1 , * * * P < 0 .0 0 1
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r = - 0.5 3 , p = 0.4 г = 0.79 , p = 0.1
F ig .  6. Mean c o n c e n tra t io n s  (+1 SD) o f serum TSH in  pre term  and f u l l t e r m  g i r l s .
**P -  0 .01 , * * *  P « 0.001
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I n  lo w  b i r t h  w e i g h t  i n f a n t s  o f  o u r  r e g i o n ,  h o w e v e r ,  no 
v a l u e s  o f  T4,  T3 and TSH have been p u b l i s h e d  y e t  i n  t h e  f i r s t  
o f  y e a r s  o f  l i f e .  T h e r e f o r e  t h e  p r e s e n t  s t u d y  was u n d e r t a k e n  t o  
i n v e s t i g a t e  t h e  ch anges  i n  serum l e v e l s  o f  T4,  T3 and TSH i n  PT 
c h i l d r e n  compared  t o  FT c h i l d r e n  d u r i n g  t h e  f i r s t  f i v e  y e a r s  o f  
life.
P r e s e n t  r e s u l t s  d e m o n s t r a t e  p r o n o u n c e d  changes  i n  se ru m 
c o n c e n t r a t i o n s  o f  T4 and T3 i n  p r e t e r m  boys and g i r l s .  I n  PT 
c h i l d r e n  t h e r e  were  s i g n i f i c a n t l y  l o w e r  l e v e l s  o f  b o t h  t h y r o i d  
ho rmones  a t  1 and 2 y e a r s  o f  age ,  r e a c h i n g  t h e  c o n t r o l  l e v e l s
i n  t h e  g r o u p  o f  3 y e a r s .  T h i s  i s  i n  a g r e e m e n t  w i t h  t h e  f i n d i n g s
o f  e a r l i e r  i n v e s t i g a t i o n  / 2 /  t h a t  t h e  t h i r d  y e a r  o f  l i f e  i s  
b e l i e v e d  t o  p l a y  a key r o l e  i n  t h e  a t t a i n m e n t  o f  t h e  l e v e l  o f  
w e l l - m a t u r e d  c h i l d r e n  i n  such p a r a m e t e r s  as th e  bone a g e .  The 
mean T4 l e v e l  was so h i g h  i n  t h i s  g ro u p  t h a t  i t  m a r k e d l y  
exc e e d e d  t h a t  o f  t h e  FT b o y s .  The mean serum T4 and  T3
c o n c e n t r a t i o n s  a t  t h e  age 4 and 5 y e a r s  do n o t  a p p e a r  t o  be
m a r k e d l y  d i f f e r e n t  f r o m  c o n t r o l  v a l u e s .
The l e v e l s  o f  se rum TSH i n  r e l a t i o n  t o  age r e m a i n e d  
e s s e n t i a l l y  c o n s t a n t  d u r i n g  t h e  s t u d i e d  p e r i o d  o f  c h i l d h o o d ,  
w ha t  i s  i n  a g r e e m e n t  w i t h  e a r l i e r  f i n d i n g s  / 6 / .  These  l e v e l s  
were  s i g n i f i c a n t l y  h i g h e r  i n  a l l  age g r o u p s  ( w i t h  t h e  e x c e p t i o n  
i n  5 y e a r  o l d  b o y s )  i n  PT c h i l d r e n  com pa re d  w i t h  FT c h i l d r e n .  
Thus t h e  s i g n i f i c a n t l y  l o w e r  l e v e l s  o f  serum T4 and T3 i n  PT 
c h i l d r e n  a t  1 and 2 y e a r s  were n o t  a s s o c i a t e d  w i t h  d e c r e a s i n g  
serum TSH l e v e l s .  A d e c r e a s e  i n  t h y r o i d - T S H  r e s p o n s i v e n e s s  
w o u l d  seem l i k e l y  a t  t h i s  t i m e .  T h i s  c o u l d  be due t o  a l o w e r  
c o n t e n t  o f  TSH r e c e p t o r s  p e r  c e l l  o r  t o  a d e c r e a s e  i n  t h e  
t h y r o i d  f o l l i c u l a r  c e l l  r e s p o n s e  t o  TSH a n d / o r  t o  c y c l i c  AMP 
/ 5 / .  As r e p o r t e d  / 9 /  t h e  TSH r e s p o n s e  t o  exogenous  TRH i n  PT 
i n f a n t s  was o f  t h e  same m a g n i t u d e  as t h a t  o b s e rv e d  i n  s m a l l  f o r  
g e s t a t i o n a l  age b a b i e s ; a n d  w i t h i n  t h e  r a n g e  o f  f u l l t e r m s .  A l l  
c h i l d r e n  s t u d i e d  d i d  re sp o n d  t o  TRH. These r e s u l t s  i n d i c a t e  
t h a t  i n  low b i r t h  w e i g h t  n e w b o r n s ,  p r e t e r m  b a b i e s  as w e l l  as i n  
i n f a n t s  w i t h  advanced  g e s t a t i o n a l  age ,  t h e  p i t u i t a r y  
r e s p o n s i v e n e s s  t o  TRH i s  " n o r m a l " .  The p r e s e n t  d a t a  o f  TSH 
v a l u e s  i n  p r e t e r m  c h i l d r e n  and t h e  r e s u l t s  o f  t h e  a b o v e -
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m e n t i o n e d  a u t h o r s  s u p p o r t  t h e  h y p o t h e s i s  o f  t h e  w e l l - m a t u r e d  
h y p o t h a l a m i c - p i t u i t a r y  sys t em  i n  PT i n f a n t s .
A c c o r d i n g  t o  t h e  mea su re men ts  o f  m a x i m a l  b i n d i n g  c a p a c i t y  o f  
TBG, some a u t h o r s  have  s u g g e s t e d  t h a t  t h e  low v a l u e s  o f  T4 
f o u n d  i n  p r e t e r m s  may be due t o  lo w  se ru m  c o n c e n t r a t i o n s  o f  TBG 
/ 6 , 11/ .
I t  has been o b s e r v e d  t h a t  l o w e r  se ru m  T4 c o n c e n t r a t i o n s  i n  
PT i n f a n t s  co m p a r e d  w i t h  t h o s e  i n  FT i n f a n t s  c o r r e l a t e  
p o s i t i v e l y  w i t h  b i r t h  w e i g h t  and g e s t a t i o n a l  age / 8 /  and 
e l e v a t e  w i t h  i n c r e a s i n g  g e s t a t i o n a l  age  / 5 / .
As c h i l d r e n  w i t h  s i g n i f i c a n t  t h y r o i d  e n l a r g e m e n t  were  
e x c l u d e d  f r om  t h e  c o l l e c t i o n ,  we s u g g e s t  t h a t  t h e  s h o r t e n e d  
g e s t a t i o n a l  age and lo w  b i r t h  w e i g h t  a re  l a r g e l y  due t o  t h e  
d i f f e r e n c e s  be tw een h e a l t h y  p r e t e r m  and  f u l l t e r m  c h i l d r e n .
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AN OPEN STUDY DF GAMMA-ORYZANÜL AS A BATH PRODUCT FOR CHIFDREN
WITH ATOPIC DERMATITIS
T. FUJ IWAKI 1 , K. FURUSHO2
^ D e p a r t m e n t  o f  P e d i a t r i c s ,  Tsuwano Kyozo n  H o s p i t a l ,  
J a p a n ,  ^ D e p a r t m e n t  o f  P e d i a t r i c s ,  NTT Kyushu G e n e r a l
Kumamoto,  Japan
T s u w a n o , 
H o s p i t a l ,
R e c e iv e d  16 A u g u s t  1993
We d e t e r m i n e d  t h e  e f f e c t s  o f  g a m m a - o r y z a n o l , a 
comp onen t  e x t r a c t e d  f r o m  r i c e  b r a n  o i l ,  as a b a t h  
p r o d u c t  i n  an open s t u d y  on 20 o u t p a t i e n t s  w i t h  a t o p i c  
d e r m a t i t i s .  I n  t h i s  s t u d y ,  a 0.5% g a m m a - o r y z a n o l  
s o l u t i o n  was d i s t r i b u t e d  t o  t h e  p a t i e n t s ,  who d i s s o l v e d  
20 ml o f  i t  i n  t h e i r  b a t h t u b s  t o  fo r m  a m e d i c i n a l  b a t h  
e v e r y  d a y .  We f o l l o w e d  t h e  p a t i e n t s  f o r  2 - 6  m o n t h s ,  
e x a m i n i n g  t h e i r  s k i n  symptoms e v e r y  two w eeks .  The 
e f f i c a c y  o f  t h i s  t h e r a p y  i n  a l l e v i a t i n g  symptoms was 
e x c e l l e n t  i n  two  p a t i e n t s ,  good i n  s i x ,  s l i g h t l y  
e f f e c t i v e  i n  t w e l v e  and i n e f f e c t i v e  i n  none .  None o f  
t h e  p a t i e n t s  e x p e r i e n c e d  any n e g a t i v e  e f f e c t  f r o m  t h e  
t r e a t m e n t .  R e c u r r e n c e  o f  i n i t i a l  symptoms was n o t  
d e t e c t e d  i n  any p a t i e n t  d u r i n g  t h e  t h e r a p y .  T h i s  b a t h  
p r o d u c t  c o n t a i n i n g  g a m m a - o r y z a n o l  a p p e a r s  t o  be s a f e  
and c l i n i c a l l y  u s e f u l .
INTRODUCTION
We have  p r e v i o u s l y  r e p o r t e d  on t h e  c l i n i c a l  e f f e c t s  o f  r i c e  
b r a n  b r o t h  b a t h i n g  on a t o p i c  d e r m a t i t i s  (AD) / 3 / .  R ic e  b ra n  
r e p o r t e d l y  c o n t a i n s  some b i o l o g i c a l l y  a c t i v e  s u b s t a n c e s  such  as 
i n o s i t o l ,  g a m m a - o r y z a n o l  / 9 ,  10,  1 2 /  and p h y t i c  a c i d .  I n
p a r t i c u l a r ,  g a m m a - o r y z a n o l  ( t r i t e r p i n e o l  e s t e r  w i t h  f e r u l i c  
a c i d )  has been r e p o r t e d  t o  have a p r o t e c t i v e  e f f e c t  on t h e  s k i n  
/ 1 3 / .  I n  t h e  p r e s e n t  s t u d y ,  we a d m i n i s t e r e d  g a m m a - o r y z a n o l  as a 
b a t h  p r o d u c t  t o  AD o u t p a t i e n t s ,  and e v a l u a t e d  i t s  e f f e c t s .
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PATIENTS AND METHODS
S u b j e c t s
We p e r f o r m e d  t h i s  s t u d y  f r om  May, 1991 t o  F e b r u a r y ,  1992  on 
20 AD o u t p a t i e n t s  (8  m a l e s  and 12 f e m a l e s ) .  The p a t i e n t s '  ages 
r a n g e d  f rom 2 t o  15 y e a r s  (mean:  6 . 2  y e a r s ) .  A l l  o f  t h e  
p a t i e n t s  had a p e r s o n a l  a n d / o r  f a m i l y  h i s t o r y  o f  a l l e r g i c  
d i s e a s e  and s a t i s f i e d  t h e  c r i t e r i a  f o r  d i a g n o s i s  o f  AD used  by 
H a n i f i n  and Ra jka  / 4 / .
B e f o r e  th e  i n i t i a t i o n  o f  t h e r a p y ,  t h e  p a t i e n t s  were a l l e r g y  
t e s t e d  t o  d e t e r m i n e  serum  IgE u s i n g  t h e  r a d i o i m m u n o - s o r b e n t  
t e s t ,  e o s i n o p h i l  c o u n t  v a l u e s  i n  p e r i p h e r a l  b l o o d  and s p e c i f i c  
I g E  a n t i b o d y  u s i n g  t h e  S h i o n o r i a - s p e c i f i c  IgE ( S I S T )  m e a s u r i n g  
k i t  ( K a l l e s t a d  D i a g n o s t i c s  I n c . )  / 7 / .  The SIST s c o r e  was 
e v a l u a t e d  as f o l l o w s :
S IS T  c l a s s  > 2 was c o n s i d e r e d  t o  be p o s i t i v e .  We meas ur ed  SIST 
f o r  r i c e ,  w h e a t ,  s o y  b e a n ,  egg w h i t e  and m i l k  as a fo o d  
a n t i g e n ,  and SIST f o r  m i t e  ( D e r m a t o p h a g o i d e s  p t e r o n y s s i n u s ) as 
an i n h a l a n t  a n t i g e n .
The s e v e r i t y  o f  AD was e v a l u a t e d  a c c o r d i n g  t o  t h e  c r i t e r i a  
u s e d  by Miyakawa and H i r a i  / 7 / .  The d i s e a s e  was c o n s i d e r e d  t o  
be s e v e r e  i n  20% o f  t h e  p a t i e n t s ,  m o d e r a t e  i n  60% and m i l d  i n  
20%. I n f o r m e d  c o n s e n t  was o b t a i n e d  f r o m  t h e  p a t i e n t s  and t h e i r  
p a r e n t s .
As f o r  o t h e r  s u p p o r t i v e  t h e r a p y ,  none o f  t h e  p a t i e n t s  had 
u n d e r g o n e  d i e t a r y  r e s t r i c t i o n ,  some had used  s t e r o i d  o i n t m e n t ,  
and  some had r e c e i v e d  o r a l l y  a d m i n i s t e r e d  a n t i a l l e r g i c  d r u g s  
f o r  a t  l e a s t  one m o n th  p r i o r  t o  t h e  i n i t i a t i o n  o f  t h e  s t u d y .  
The p a t i e n t s  were a l l o w e d  t o  c o n t i n u e  t r e a t m e n t  w i t h  t h e  d r u g s  
t h a t  had been used  f o r  AD p r i o r  t o  b e g i n n i n g  t h i s  t h e r a p y .  To 
i n v e s t i g a t e  any p o s s i b l e  s t e r o i d - s p a r i n g  e f f e c t ,  t h e  d osage  o f  
t h e  s t e r o i d  o i n t m e n t  u se d  was r e c o r d e d .  AD had been p r e s e n t  f o r  
m o r e  th a n  one y e a r  i n  a l l  p a t i e n t s ,  hence t h e  s e v e r i t y  and 
d o s a g e  o f  s t e r o i d  o i n t m e n t  was e v a l u a t e d  a c c o r d i n g  t o  t h e  
a v e r a g e  c o n d i t i o n  o f  p a t i e n t s  i n  some months  p r i o r  t o  t h e  
i n i t i a t i o n  o f  t h e  s t u d y .  We o b s e r v e d  t h e  p a t i e n t s  f o r  2 -6  
m o n t h s  (mean: 3 . 7  m o n t h s ) .  The p a t i e n t ' s  c h a r a c t e r i s t i c s  a re  
p r e s e n t e d  i n  T a b l e  I .
s c o r e  < 0 . 3 5  
s c o r e  > 0 . 3 5  
s c o r e  > 0 . 7  
s c o r e  > 3 . 5  
s c o r e  > 1 7 . 5
< 0 .7
< 3 .5
< 17 .5
c l a s s  0 
c l a s s  1 
c l a s s  2 
c l a s s  3 
c l a s s  4
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TABLE I
P a t i e n t  c h a r a c t e r i s t i c s
Pt Sex Age D u r a t i o n  
o f  AD
(years)
S e v e r i t y  
o f  AD
O t h e r
o r a l
M e d i c a ­
t i o n s *
o i n t m e n t
R e s e a rc h  
P e r i o d  
( m o n t h s )
1 M 2 2 m o d e r a te - - 2
2 F 8 7 m o d e r a te - - 6
3 M 2 2 m i l d - F 3
4 M 2 1 m i l d - F 2
3 F 3 1 m o d e r a te - К 2
6 F 3 2 . 5 m o d e r a te - H 2
7 F 3 2 m o d e r a te - F 4
8 M 3 2 m i l d A o, F 6
9 F 3 3 m o d e r a te A F, J 2
10 ’ f 4 4 s e v e r e A I 2
11 M 4 3 s e v e r e A E 2
12 F 6 5 m o d e r a te - □, E, H 5
13 F 6 5 m o d e r a te - G 2
14 F 7 2 m o d e r a te - E 2
15 M 8 6 m i l d 8 6
16 F 10 8 s e v e r e A H 6
17 M 11 11 s e v e r e C 0 , F 4
18 F 11 5 m o d e r a te - F 3
19 M 13 7 m o d e r a te - H 6
20 F 15 8 m o d e r a te - F 6
* A: k e t o t i f e n  f u m a r a t e ,  B: a z e l a s t i n e  h y d r o c h l o r i d e ,
C: o x a t o m i d e ,  D: d i f l u p r e d n a t e , E: b e t a m e t h a s o n e  d i p r o p i o n a t e ,  
F: a l c l o m e t a s o n e  d i p r o p i o n a t e ,  G: f l u o c i n o l o n e  a c e t o n i d e ,
H: h y d r o c o r t i s o n e  b u t y r a t e ,  I :  c l o b e t a s o n e  b u t y r a t e ,
J :  b u f e x a m a c ,  K: u r e a .
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METHODS
The b a t h  p r o d u c t  was a s o l u t i o n  c o n t a i n i n g  0.5% gamma- 
o r y z a n o l .  The p a t i e n t s  were  a d v i s e d  t o  add 20 ml o f  t h e  p r o d u c t  
t o  t h e i r  b a t h  w a t e r  and t o  b a t h e  once e v e r y  d a y .  We a l s o  
i n s t r u c t e d  t h e  p a t i e n t s  t o  t a k e  a show er  w i t h  f r e s h  w a t e r  a f t e r  
t h e  b a t h ,  t o  keep u s i n g  t h e  soap a n d / o r  shampoo t h a t  t h e y  had 
u s e d  p r i o r  t o  b e g i n n i n g  t h i s  t h e r a p y ,  and t o  s t o p  u s i n g  t h e  
b a t h  p r o d u c t  i f  t h e i r  s k i n  symptoms and i t c h i n g  w o r s e n e d .
We examined  t h e  p a t i e n t s  b e f o r e  s t a r t i n g  t h e  t h e r a p y  and 
t h e r e a f t e r  e v e r y  two  w e e k s ,  f o r  e v a l u a t i o n  o f  s k i n  symptoms and 
s t e r o i d - s p a r i n g  e f f e c t .
We asse ssed  s k i n  r e d n e s s ,  l i c h e n f i c a t i o n , i t c h i n g ,  
d e s q u a m a t i o n  and p a p u l e s .  Each o f  t h e s e  symptoms was s c o r e d  
a c c o r d i n g  t o  t h e  f o l l o w i n g  s c a l e :  " 4 "  ( e s p e c i a l l y  s e v e r e ) ;  " 3 "  
( d i s t i n c t ) ;  " 2 " ( s l i g h t ) ;  " 1 " ( m i n i m a l ,  a l m o s t  s i m i l a r  t o  
h e a l t h y  s k i n ) ;  and " 0 " ( a b s e n t ) .
E v a l u a t i o n  o f  t h e  s t e r o i d - s p a r i n g  e f f e c t  was based on t h e  
f o l l o w i n g  c r i t e r i a :  " r e m a r k a b l e  r e d u c t i o n "  ( b o t h  d o s a g e  and 
g r a d e  o f  t h e  s t e r o i d  o i n t m e n t  were  r e d u c e d  u n t i l  o i n t m e n t  was 
no l o n g e r  needed  by t h e  p a t i e n t ) ;  " m o d e r a t e  r e d u c t i o n "  ( b o t h  
t h e  dosage  and g r a d e  o f  t h e  s t e r o i d  o i n t m e n t  were r e d u c e d ) ;  
" m i l d  r e d u c t i o n "  ( e i t h e r  t h e  dosage  o r  g ra d e  o f  t h e  s t e r o i d  
o i n t m e n t  was r e d u c e d ) ;  "no  c h a n g e "  ( n e i t h e r  t h e  d o s a g e  no r  
g r a d e  o f  s t e r o i d  o i n t m e n t  was r e d u c e d ) ;  " i n c r e a s e "  ( e i t h e r  t h e  
d o s a g e  o r  g ra de  o f  s t e r o i d  o i n t m e n t  was i n c r e a s e d ) .
We e v a l u a t e d  t h e  e f f i c a c y  o f  t h i s  t h e r a p y  w i t h  r e s p e c t  t o  
c h a n g e s  i n  symptom s c o r e  and ch anges  i n  t h e  dosage  and g r a d e  o f  
s t e r o i d  o i n t m e n t .
E f f i c i e n c y  was e v a l u a t e d  on t h e  f o l l o w i n g  c r i t e r i a :  
" e x c e l l e n t "  ( s k i n  symptoms a l m o s t  d i s a p p e a r e d  w i t h o u t  a n o t h e r  
r e m e d y ) ;  " g o o d "  ( s k i n  symptoms i m p r o v e d  v e r y  w e l l  o n l y  w i t h  
t h i s  t h e r a p y ,  o r  w i t h  d e c r e a s i n g  dosage  o f  s t e r o i d  o i n t m e n t ) ;  
" s l i g h t l y  e f f e c t i v e "  ( s k i n  symptoms d e c r e a s e d ,  b u t  o t h e r  
t h e r a p y  was r e q u i r e d  as i n i t i a t i o n  o f  t h e r a p y ) ;  " i n e f f e c t i v e "  
( s k i n  symptoms s c a r c e l y  c h a n g e d ) ;  " p o o r "  ( s k i n  symptoms 
w o r s e n e d ) .
We asked e i t h e r  t h e  p a t i e n t s  o r  t h e i r  p a r e n t s  t o  r a t e  t h e i r  
i m p r e s s i o n  o f  t h i s  b a t h  p r o d u c t  a c c o r d i n g  t o  t h e . f o l l o w i n g  
s c a l e :  e x c e l l e n t ,  g o o d ,  q u i t e  g o o d ,  f a i r  and p o o r .
I n  s i x  p a t i e n t s  (Nos  2 ,  15 ,  16 ,  18 ,  19 and 2 0 ) ,  we e x a m i n e d  
c h a n g e s  i n  se rum I g E ,  e o s i n o p h i l  c o u n t  v a l u e s  i n  p e r i p h e r a l  
b l o o d  and s p e c i f i c  Ig E  a n t i b o d y  a f t e r  3 - 6  months  o f  t h e r a p y .
F o r  th e  s t a t i s t i c a l  e v a l u a t i o n ,  t h e  W i l c o x o n  t e s t  was u s e d .  
P < 0 . 0 5  was c o n s i d e r e d  t o  be s i g n i f i c a n t .
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RESULTS
I n i t i a l  a l l e r g y  t e s t i n g
I n  18 o f  t h e  20 p a t i e n t s ,  b l o o d  t e s t s  were p e r f o r m e d .  Mean 
serum IgE and e o s i n o p h i l  c o u n t  v a l u e s  i n  p e r i p h e r a l  b l o o d  were  
1 0 0 2 . 7  I U / m l  and 469 /mm3 , r e s p e c t i v e l y .  SIST f o r  f o o d  a l l e r g e n  
i n c l u d i n g  r i c e  was p o s i t i v e  i n  s i x  p a t i e n t s .  SIST f o r  m i t e  was 
p o s i t i v e  i n  t h i r t e e n .  SIST f o r  any  a n t i g e n  was n e g a t i v e  i n  
seven  ( F i g .  1 ) .
SIST Class 
H  Class 4
Ш1 Class 3
ЕШ Class 2 О  Class 0
m  Class 1
F i g .  1:  S p e c i f i c  IgE a n t i b o d y  f o r  s e v e r a l  a l l e r g e n s  i n  t h e  
p a t i e n t s .  SIST f o r  f d o d  a l l e r g e n ,  i n c l u d i n g  r i c e ,  was 
p o s i t i v e  i n  s i x  p a t i e n t s .  SIST f o r  m i t e  was p o s i t i v e  i n  
t h i r t e e n .  SIST f o r  any a n t i g e n  was n e g a t i v e  i n  s e v e n
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E f f e c t s  o f  g a m m a - o r y z a n o l  as a b a t h  p r o d u c t
1 .  Change i n  s k i n  symptoms
The 20 p a t i e n t s  w e re  f o l l o w e d  f o r  a t  l e a s t  two m on th s  a f t e r  
t h e  i n i t i a t i o n  o f  t h e r a p y .  D u r i n g  t h a t  p e r i o d  t h e  t o t a l  s k i n  
sy mp to m s c o r e  d e c r e a s e d  s i g n i f i c a n t l y  f r o m  mean _+SD b e f o r e  
t h e r a p y  t o  mean _+SD a t  two m on th s  a f t e r  t h e r a p y  (p  < 0 . 0 1 ) .  
F o l l o w - u p  was i n  no case  d i s c o n t i n u e d  on a c c o u n t  o f  w o r s e n i n g  
o f  AD o r  o t h e r  a d v e r s e  r e a c t i o n .  S i x  p a t i e n t s  were e x a m i n e d  up 
t o  s i x  months  a f t e r  t h e r a p y  ( F i g .  2 ) .  None o f  t h e  p a t i e n t s  
e x p e r i e n c e d  any t e n d e n c y  t o w a r d  a r e c u r r e n c e  o f  t h e i r  i n i t i a l  
s ym p to m s  d u r i n g  t r e a t m e n t .  Some p a t i e n t s  m e n t i o n e d  t h a t  t h e i r  
s k i n  symptoms i n c r e a s e d  on day when t h e y  d i d  n o t  use  th e  
s o l u t i o n .
14-
12-
10 -
QJC—
О
CO
8 -
6 -
4 -
( 2 0 )
2-
0 -J ---------- r -
Before
* *
I »
( 20)
T
1
* *
1  1  (9)
( 20) (-12)
f I------------1—
2 3 4
Time Course ( m onths)
(6 ) ( 6 )
r T
5 6
F i g .  2 :  Mean symptom s c o r e  (_+SD) d u r i n g  t h e  t r i a l  ( ) :  number o f  
p a t i e n t s .  We e v a l u a t e d  s k i n  r e d n e s s ,  l i c h e n f i c a t i o n , 
i t c h i n g ,  d e s q u a m a t i o n  and p a p u l e s .  Each symptom was 
r a t e d  on a s c a l e  o f  0 t o  4.
* : p < 0 . 0 5 ,  X * :  p < 0 .01  vs b e f o r e  t r e a t m e n t .
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F i g .  3:  Changes i n  t o t a l  symptom s c o r e ,  serum IgE and
e o s i n o p h i l  c o u n t  i n  p e r i p h e r a l  b l o o d .  B e f o r e :  a t  t h e  
o n s e t  o f  t h e r a p y ;  a f t e r :  3 - 6  months a f t e r  t h e
i n i t i a t i o n  o f  t h e r a p y .  (n  = 6 )
* :  P < 0 . 0 3 ,  N . S . :  n o t  s i g n i f i c a n t  vs b e f o r e  t r e a t m e n t
( mean^SD)
Before A fte r Before A fte r Before A fte r
F i g .  4:  Changes i n  SIST s c o r e  f o r  s p e c i f i c  IgE a n t i b o d y .  
B e f o r e :  a t  t h e  o n s e t  o f  t h e r a p y ;  a f t e r :  3 -6  m on th s
a f t e r  t h e  i n i t i a t i o n  o f  t h e r a p y .  ( n = 6 )
* :  p < 0 . 0 5 ,  N . S . :  n o t  s i g n i f i c a n t  vs b e f o r e  t r e a t m e n t  
(mean+SD)
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2 .  S t e r o i d - s p a r i n g  e f f e c t
The dosage and g r a d e  o f  s t e r o i d  o i n t m e n t  was r e d u c e d  
r e m a r k a b l y  i n  t h r e e  p a t i e n t s  ( 1 5 % ) ,  m o d e r a t e l y  i n  t h r e e  (15%)  
and  m i l d l y  i n  f o u r  (2 0 % ) .  In  one p a t i e n t  (5%) ,  t h e  d o s a g e  o f  
s t e r o i d  o i n t m e n t  was i n c r e a s e d .
3 .  Judgeme nt  o f  e f f i c a c y
T h e r a p y  was c o n s i d e r e d  t o  be e x c e l l e n t  i n  two  p a t i e n t s  
( 1 0 % ) ,  good i n  s i x  ( 3 0 % ) ,  s l i g h t l y  e f f e c t i v e  i n  t w e l v e  ( 6 0 % ) ,  
and  i n e f f e c t i v e  o r  p o o r  i n  none.
4 .  I m p r e s s i o n s  o f  t h e  p a t i e n t s  o r  t h e i r  p a r e n t s
T h i s  ba th  p r o d u c t  was f e l t  t o  be e x c e l l e n t  f o r  AG i n  one
p a t i e n t  (5%),  good i n  t e n  (50%) ,  q u i t e  good i n  s i x  ( 3 0 % ) ,  f a i r
i n  t h r e e  (15%) and p o o r  i n  none.
5 .  Changes i n  se ru m I g E ,  e o s i n o p h i l  c o u n t  i n  p e r i p h e r a l  b l o o d  
and  s p e c i f i c  IgE a n t i b o d y .
The s i x  p a t i e n t s  i n  whom r e p e a t e d  a l l e r g y  t e s t s  w ere  made
a l l  showed c o n s i d e r a b l e  im p r o v e m e n t  i n  s k i n  symptoms ( F i g .  3 ) .
Se rum  IgE l e v e l s  d i d  n o t  change s i g n i f i c a n t l y  a f t e r  t h e r a p y  b u t  
t h e  e o s i n o p h i l  c o u n t  i n  p e r i p h e r a l  b l o o d  d e c r e a s e d  
s i g n i f i c a n t l y .  The SIST s c o r e  f o r  r i c e  d e c re a s e d  i n  f o u r  
p a t i e n t s ,  d i d  n o t  c h a n g e  i n  one and s l i g h t l y  i n c r e a s e d  i n  one .  
The SIST s c o r e  f o r  f o o d  a n t i g e n s  o t h e r  t h a n  r i c e  d i d  n o t  
i n c r e a s e  s i g n i f i c a n t l y  ( F i g .  4 ) .  The SIST s c o r e  f o r  m i t e  
i n c r e a s e d  r e m a r k a b l y  i n  two p a t i e n t s ,  b o t h  o f  whom were  e i g h t  
y e a r s  o l d .
DISCUSSION
We p r e v i o u s l y  r e p o r t e d  r i c e  b r a n  b r o t h  b a t h i n g  t o  be s a f e  
and  c l i n i c a l l y  u s e f u l  f o r  AD, and d e t e r m i n e d  by u l t r a v i o l e t  
s p e c t r o s c o p y  t h a t  g a m m a - o r y z a n o l  can  be e x t r a c t e d  f r o m  r i c e  
b r a n  b r o t h .  On t h e  s k i n ,  g a m m a - o r y z a n o l  has been r e p o r t e d  t o  
h a v e  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s  / 1 2 / .  P e r i p h e r a l  b l o o d  f l o w  
i s  i n c r e a s e d  as a r e s u l t  o f  d i r e c t  a c t i o n  o f  g a m m a - o r y z a n o l  on 
t h e  s k i n .  The t o p i c a l  a p p l i c a t i o n  o f  g a m m a - o r y z a n o l  i n d u c e s  an 
i n c r e a s e  i n  s e b a c e o u s  s e c r e t i o n ,  and ga m m a -o ry z a n o l  has  a
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s t r o n g  a f f i n i t y  t o  t h e  s k i n ,  c o v e r i n g  t h e  s k i n  c l o s e l y  and 
h a v i n g  a s u p p r e s s i v e  e f f e c t  on i n c r e a s e s  i n  k e r a t i n .  We t h o u g h t  
i t  p r o b a b l e  t h a t  g a m m a -o ry z a n o l  i s  one o f  th e  c o m p o n e n t s  
e f f e c t i v e  f o r  AD i n  r i c e  b ra n  b r o t h .  I n  t h i s  s t u d y ,  we 
i n v e s t i g a t e d  t h e  c l i n i c a l  e f f e c t s  o f  g a m m a - o r y z a n o l  i n  
o u t p a t i e n t s  w i t h  AD.
I n  o u r  p r e v i o u s  s t u d y ,  r i c e  b r a n  b r o t h  b a t h i n g  t h e r a p y  f o r  
AD / 3 / ,  we used 50 g o f  r i c e  b ra n  t o  p r e p a r e  a r i c e  b r a n  b r o t h  
t h a t  p a t i e n t s  d i s s o l v e d  i n  t h e  b a t h t u b  a t  a t i m e .  R i c e  b r a n  
c o n t a i n s  9 - 2 2 \  r i c e  b ra n  o i l .  R ic e  b r a n  o i l  c o n t a i n s  a b o u t  1 . 3 -  
3% f e r u l i c  a c i d  e s t e r s ,  i n c l u d i n g  g a m m a - o r y z a n o l .  50 g o f  r i c e  
b r a n  t h e r e f o r e  c o n t a i n s  r o u g h l y  200 mg o f  g a m m a - o r y z a n o l .  The 
q u a n t i t y  o f  g a m m a - o r y z a n o l  t h a t  p a t i e n t s  d i s s o l v e d  i n  t h e  
b a t h t u b  a t  a t i m e  f o r  t h i s  s t u d y  was a b o u t  100 mg.
The c l i n i c a l  e f f e c t s  o f  g a m m a - o r y z a n o l  as a b a t h  p r o d u c t  
were c o n s i d e r e d  t o  be s a t i s f a c t o r y  and c o u l d  e a s i l y  be o b s e r v e d  
by t h e  change  i n  symptom s c o r e .  The s k i n  symptoms o f  some 
p a t i e n t s  w o rs ened  a f t e r  d i s c o n t i n u a t i o n  o f  t h i s  t h e r a p y ,  and 
some p a t i e n t s  m e n t i o n e d  t h a t  t h e i r  s k i n  symptoms i n c r e a s e d  on 
days  when t h e y  d i d  n o t  use i t .  These o b s e r v a t i o n s  s u g g e s t  t h a t  
r e g u l a r  m e d i c a t e d  b a t h i n g  t h e r a p y  i s  n e c e s s a r y  t o  k e e l  AD i n  
r e m i s s i o n .  None o f  t h e  p a t i e n t s  e x p e r i e n c e d  a r e c u r r e n c e  o f  t h e  
i n i t i a l  symptoms d u r i n g  t r e a t m e n t .  N e i t h e r  t h e  p a t i e n t s  n o r  
t h e i r  p a r e n t s  f e l t  t h a t  t h e  s m e l l  o f  t h i s  b a t h  p r o d u c t  was 
u n p l e a s a n t ,  and t h e i r  i m p r e s s i o n  o f  t h e  t h e r a p y  was f a v o r a b l e .
On t h e  o t h e r  hand ,  we s h o u l d  be aw are  o f  a p o s s i b l e  p r o b l e m  
a s s o c i a t e d  w i t h  b a t h  p r o d u c t s  c o n t a i n i n g  g a m m a - o r y z a n o l :  t h e  
h y p e r s e n s i t i v e  r e a c t i o n  o f  t h e  s k i n  o f  p a t i e n t s  w i t h  a r i c e  
b r a n  a l l e r g y .  B e f o r e  t h i s  s t u d y ,  we r a n  a p a t c h  t e s t  o f  t h i s  
b a t h  p r o d u c t  on h e a l t h y  s u b j e c t s  w i t h o u t  s k i n  d i s e a s e  and on AD 
p a t i e n t s ,  and c o n f i r m e d  i t  t o  be s a f e  ( d a t a  n o t  s h o w n ) .  I n  t h i s  
s t u d y ,  s p e c i f i c  IgE a n t i b o d y  f o r  r i c e  was p o s i t i v e  i n  some 
p a t i e n t s .  However none o f  them showed any i n c r e a s e  i n  s k i n  
s y m p t o m s .
The e f f e c t s  o f  t h e r a p y  on serum IgE and e o s i n o p h i l  c o u n t  i n  
p e r i p h e r a l  b l o o d  were  t h e  same as r e p o r t e d  by o t h e r s  / 1 ,  5 ,  6 , 
8 , 1 1 /  and by o u r s e l v e s  f o r  r i c e  b r a n  b r o t h  b a t h i n g  / 3 / .  I n
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p a t i e n t s  whose s k i n  symptoms i m p r o v e d  d u r i n g  t h e r a p y ,  se rum  IgE 
l e v e l s  d i d  n o t  c h a n g e  and t h e  e o s i n o p h i l  c o u n t  i n  p e r i p h e r a l  
b l o o d  d e c r e a s e d  s i g n i f i c a n t l y .  The e o s i n o p h i l  b l o o d  i s  
c o n s i d e r e d  u s e f u l  f o r  e v a l u a t i o n  o f  AD a c t i v i t y .  Changes  i n  
s p e c i f i c  IgE a n t i b o d y  d i d  n o t  s u g g e s t  any i n c r e a s e  i n  
s e n s i t i v i t y  t o  f o o d  a l l e r g e n s ,  i n c l u d i n g  r i c e .  I n  two  p a t i e n t s  
t h e  SIST s c o r e  f o r  m i t e  i n c r e a s e d  r e m a r k a b l y  a f t e r  t h e r a p y .  I n  
o r d e r  t o  d e t e r m i n e  w h e t h e r  th e  i n c r e a s e  o f  t h e  SIST m i t e  s c o r e  
i s  a r e s u l t  o f  t h e  t h e r a p y ,  i t  w o u l d  be n e c e s s a r y  t o  i n c r e a s e  
t h e  number o f  p a t i e n t s  i n  t h e  s t u d y .
I n  c o m p a r in g  t h i s  b a t h  p r o d u c t  w i t h  r i c e  b ra n  b r o t h  b a t h i n g ,  
o u r  i m p r e s s i o n  i s  t h a t  t h e  r i c e  b r a n  b r o t h  i s  b e t t e r  f o r  AD. 
Some p a t i e n t s  used  b o t h  b a th  p r o d u c t s  and r i c e  b r a n  b r o t h  a t  
d i f f e r e n t  t i m e s ,  and  a l l  o f  them a n s w e r e d  t h a t  t h e  r i c e  b r a n  
b r o t h  was b e t t e r  f o r  t h e i r  s k i n  s y m p t o m s .  We can i m a g i n e  two 
r e a s o n s  f o r  t h i s  c o n c l u s i o n . F i r s t h y  t h a t  t h e  c o n c e n t r a t i o n  o f  
g a m m a - o r y z a n o l  i n  t h e  b a t h  p r o d u c t ,  h a l f  t h a t  o f  t h e  r i c e  b r a n  
b r o t h ,  was l o w .  The o t h e r  p o s s i b l e  r e a s o n  i s  t h a t  o t h e r  
c o m p o n e n t s  i n  r i c e  b r a n ,  such as l i p i d s ,  i n o s i t o l  and p h y t i c  
a c i d ,  may a l s o  be e f f e c t i v e  f o r  AD.
The b a th  p r o d u c t  t h a t  we used  i n  t h i s  s t u d y  c o n t a i n e d  
e m u l s i f i e r  and p r e s e r v a t i v e ,  t h o u g h  t h e  amounts  were s m a l l .  A 
p o s s i b l e  e f f e c t  o f  t h e  e m u l s i f i e r  and p r e s e r v a t i v e  has t o  be 
c o n s i d e r e d .  S k i n  symptoms o f  AD ch a n g e  e a s i l y  i n  n a t u r a l  
c o u r s e .  We have t o  t a k e  p s y c h o l o g i c a l  p l a c e b o  e f f e c t  o f  b a t h  
p r o d u c t  i n t o  c o n s i d e r a t i o n .  T h e re  i s  room f o r  s u b j e c t i v e  
j u d g e m e n t  i n  s c o r i n g  o f  s k i n  sy m p to m s .  The i m p l e m e n t a t i o n  o f  a 
l a r g e r ,  a c o n t r o l l e d  s t u d y ,  i n  w h i c h  p a t i e n t s  a re  a l l o c a t e d  
r a n d o m l y  to  a c t i v e  o r  c o n t r o l  t h e r a p y ,  i s  d e s i r a b l e .
B a t h  p r o d u c t s  h a v e  two d i s t i n c t  a d v a n t a g e s .  The p a t i e n t ' s  
c o m p l i a n c e  w i t h  t h e  t h e r a p y  i s  g o o d ,  e s p e c i a l l y  i n  c h i l d r e n  
b e c a u s e  a p p l i c a t i o n  does  n o t  r e q u i r e  an i n o r d i n a t e  am oun t  o f  
t i m e ,  no r  does i t  r e q u i r e  t h a t  t h e  c h i l d  be h e l d .  F u r t h e r ,  i t  
i s  e asy  t o  t r e a t  t h e  e n t i r e  b o d y .  We b e l i e v e  t h a t  t h e s e  
a d v a n t a g e s  make t h i s  b a t h  p r o d u c t  c o n t a i n i n g  g a m m a - o r y z a n o l  a 
u s e f u l  a d j u v a n t  t h e r a p y  f o r  AD p a t i e n t s .
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As a consequence  o f  d i a b e t e s  m e l l i t u s  ( t y p e  I )  
d i a b e t i c  n e p h r o p a t h y  may a r i s e .  I n  o r d e r  t o  o b s e r v e  t h e  
t u b u l a r  f u n c t i o n ,  u r i n a r y  N - a c e t y l - b e t a - D -  
g l u c o s a m i n i d a s e  (NAG) a c t i v i t i e s  were m easur ed  u s i n g  
PNP-GlcNAc and VRA-GlcNAc s u b s t r a t e s  i n  t h e  c a s e  o f  52 
d i a b e t i c  c h i l d r e n  (mean age +_ SD: 1 1 .7  +_ 3 . 4  y e a r s ,  26 
ma l es  and 26 f e m a l e s ) .
A t  t h e  i n i t i a l  s t a g e  o f  d i a b e t e s  ( f r o m  2 week s  t o  1 
y e a r )  i n  g ro u p  I ,  t h e  se ru m f r u c t o s a m i n e  l e v e l  was 
n o r m a l  ( 3 . 2 9  +_ 0 .7 1  m m o l / 1 ) ,  t h e  u r i n a r y  VRA i n d e x  
( 0 . 9 1  +_ 0 . 4  y u m o l /m in /m m o l  ) and t h e  u r i n a r y  PNP i n d e x  
( 1 . 2 6  +_ 0 . 2  yumo l /m in /mmo l  ) showed n e a r l y  n o r m a l  t u b u l a r  
f u n c t i o n .
I n  t h e  w e l l - c o n t r o l l e d  d i a b e t i c  g ro up  I I ,  t h e  se rum 
f r u c t o s a m i n e  was n o r m a l  ( 2 . 7 7  _+ 0 .66  m m o l / 1 ) ,  t h e  
u r i n a r y  VRA i n d e x  ( 0 . 8 2  +_ 0 . 4 8  yumol /m in /mmol  ) and t h e  
u r i n a r y  PNP i n d e x  ( 0 . 8 6  _+ 0 . 6 6  /u m o l /m in /m m o l  ) were  
c l o s e  t o  no rm a l  even a f t e r  a l o n g  d u r a t i o n  o f  d i a b e t e s  
( 1 - 1 2  y e a r s )  .
I n  t h e  l a b i l e  d i a b e t i c  g r o u p  I I I ,  serum f r u c t o s a m i n e  
was e l e v a t e d  ( 4 . 5 9  +_ 0 . 9 4  m m o l / 1 ) ,  t h e  u r i n a r y  VRA 
i n d e x  ( 2 . 3 7  +_ 1 .2 5  y u m o l / m i n / m m o l ) and t h e  u r i n a r y  PNP 
i n d e x  ( 3 . 3 0  +_ 2 . 1 4  yu m o l /m in / m m o l  ) were a l s o  h i g h e r  t h a n  
t h e  n o r m a l  l e v e l s  a f t e r  t h e  s i m i l a r  d u r a t i o n  o f  
d i a b e t e s  ( 1 - 1 5  y e a r s ) .
INTRODUCTION
D i a b e t i c  n e p h r o p a t h y  may a f f e c t  as many as 40% o f  t h o s e  
p a t i e n t s  s u f f e r i n g  f r o m  i n s u l i n - d e p e n d e n t  d i a b e t e s  m e l l i t u s  
( I D D M ) .  I n c r e a s e d  u r i n a r y  e x c r e t i o n  o f  a l b u m i n  / 3 / ,  t r a n s f e r r i n  
/ 4 / ,  a l f a - l - m i c r o g l o b i n  / 5 / ,  a l a n i n e  a m i n o p e p t i d a s e  ( A A P ) ,  
g a m m a - g l u t a m y l t r a n s f e r a s e  (GGT) / 6 /  and N - a c e t y l - b e t a - D - g l u c o s -
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a m i n i d a s e  (NAG) / 7 /  a re  s p e c i f i c  p a r a m e t e r s  o f  t h e  
m a n i f e s t a t i o n  o f  d i a b e t i c  n e p h r o p a t h y .  I n  ou r  s t u d i e s  we have  
a l s o  fo u n d  t h a t  measu rem en t  o f  t h e  NAG-ase a c t i v i t y  was a 
s i m p l e ,  a c c e s s i b l e ,  r e l i a b l e  and s e n s i t i v e  method f o r  d i a g n o s i s  
o f  t u b u l a r  damage. The NAG assay  p r o v i d e s  an e a r l y  i n d i c a t i o n  
o f  t u b u l a r  d y s f u n c t i o n  r e s u l t i n g  f r o m  r e n a l  d i s e a s e  o r  
n e p h r o t o x i c  damage / 1 8 / .  F a l s e  p o s i t i v e s  a r e  r a r e  and NAG-ase 
a c t i v i t y  r e m a i n s  h i g h  d u r i n g  d i s e a s e  o r  a t o x i c  a t t a c k  b u t  
f a l l s  t o  n o r m a l  l e v e l s  a f t e r  d e t o x i c a t i o n  and a f t e r  r e c o v e r y .  
U r i n a r y  NAG-ase a c t i v i t y  can be used  i n  c o n j u n c t i o n  w i t h  o t h e r  
t e s t s  t o  f o l l o w  d i s e a s e  a c t i v i t y  and t o  make p r o g n o s i s .  H ig h  
NAG-ase a c t i v i t y  may be an e a r l y  w a r n i n g  s i g n  t o  t h e  c l i n i c i a n  
b e f o r e  t h e  o n s e t  o f  c o m p l i c a t i o n s  r e s u l t i n g  f rom d i a b e t e s  ( e . g .  
h i g h  a r t e r i a l  p r e s s u r e ,  r e t i n o p a t h y  and n e p h r o p a t h y ) .
I n  o r d e r  t o  o b s e r v e  t u b u l a r  f u n c t i o n ,  i n  t h e  case  o f  52 
d i a b e t i c  c h i l d r e n  and ou r  two  p a t i e n t s  b e i n g  now a d u l t s  
( p a t i e n t s  В and C) u r i n a r y  NAG-ase a c t i v i t y  was measured u s i n g  
PNP-GlcNAc and VRA-GlcNAc s u b s t r a t e s .  NAG-ase a c t i v i t y  was 
r e l a t e d  t o  u r i n a r y  c r e a t i n i n e ,  w h i c h  was d e t e r m i n e d  by t h e  
J a f f e ' s  r e a c t i o n  / 1 1 / .  The r e s u l t  was g i v e n  as NAG i n d e x  
( N A G i ) .
PATIENTS AND METHODS
52 d i a b e t i c  p a t i e n t s  were s t u d i e d :  26 boys  and 26 g i r l s .  The 
age o f  c h i l d r e n :  1 1 . 7  +_ 3 .4  y e a r s  (mean +_ SD).  The p a t i e n t s  
w ere  t r e a t e d  w i t h  MC o r  Human Novo I n s u l i n .  They were d i v i d e d  
i n t o  t h r e e  g r o u p s  ( T a b l e  I ) :
G ro up  I  ( i n i t i a l  s t a g e  o f  d i a b e t e s )  c o n s i s t e d  o f  6 p a t i e n t s  
( 4 - 1 3  ylTars o l d  c h i l d r e n ) ,  whose d i a b e t e s  had been known f o r  
b e t w e e n  o n l y  2 weeks  -  1 y e a r ,  t h e i r  se ru m f r u c t o s a m i n e  l e v e l  
was b e l o w  3 .5  m m o l / 1 .
G ro up  I I  ( w e l l - c o n t r o l l e d  d i a b e t e s ) :  13 d i a b e t i c  p a t i e n t s  ( 5 -  
17 y e a r s  o l d  c h i l d r e n ) ,  who had been d i a b e t i c  f o r  1 -12  y e a r s ;  
t h e i r  serum f r u c t o s a m i n e  l e v e l  was b e l o w  3 .5  mmol/1  ( 2 . 7 7  +_ 
0 . 6 6  m m o l / 1 ) .
G ro up  I I I  ( l a b i l e  d i a b e t e s ) :  33 p a t i e n t s  ( 5 - 1 7  y e a r s  o l d  
c h i l d r e n ) , who had been d i a b e t i c  f o r  1 - 1 5  years ;  t h e i r  se rum 
f r u c t o s a m i n e  l e v e l  above  3 . 5  mmol /1 ( 4 . 5 9  +_ 0 .9 4  m m o l / 1 ) .
The u p p e r  l i m i t  (mean v a l u e  + 2SD) o f  t h e  no rma l  NAG i n d e x  
r a n g e  was e s t a b l i s h e d  by m e a s u r i n g  104 h e a l t h y  c h i l d r e n  ( 3 - 1 4  
y e a r s  o l d ) .  I t  was f o u n d  t h a t  t h e  n o r m a l  range  o f  t h e  NAG
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T a b l e  I
P a t i e n t  g r o u p s  i n v e s t i g a t e d .
Groups  were fo r m e d  on t h e  b a s i s  o f  se rum f r u c t o s a m i n e  ( F A )  
l e v e l s  and t h e  d u r a t i o n  o f  d i a b e t e s
D i a b e t e s П Se. FA 
( m m o l / 1 )
Age
( y e a r s )
D u r a t i o n
d i a b e t e s
o f
I I n i t i a l  s t a g e 6 < 3 .5 4 -1 3 2 weeks -  1 y e a r
I I W e l l - c o n t r o l l e d 13 < 3 .5 5-17 1-12  y e a r s
I I I L a b i l e 33 > 3 . 5 5-17 1-15  y e a r s
n : number o f  p a t i e n t s
i n d e x  i s  d e c r e a s i n g  w i t h  t h e  age / 6 , 1 2 / .  I t  w i l l  be d e t a i l e d  
i n  a n o t h e r  s t u d y  / 1 3 / .
a.  The u r i n a r y  PNP i n d i c e s  were d e t e r m i n e d  by a m o d i f i c a t i o n  
o f  t h e  method o f  H ora k  e t  a l .  / 1 5 /  u s i n g  p - n i t r o p h e n y l  N- 
a c e t y l - b e t a - D - g l u c o s a m i n i d e  ( P N P- G lc N A c )  s u b s t r a t e .  Samples  
were  c e n t r i f u g a t e d  a t  1000 g f o r  5 m i n .  1 ml a l i q u o t e s  were  
g e l f i l t r a t e d  on a 8 x 1 . 5  cm f i n e  mesh Sephadex G-25  co lu m n  
( P h a r m a c i a  AB, U p p s a l a ,  Sweden) p r i o r  t o  c a r r y i n g  o u t  t h e  
a s s a y .  The y e l l o w  c o l o u r  was re a d  a t  400 nm w i t h  a S p e c o r d  M-40 
( Z e i s s ,  J e n a )  s p e c t r o p h o t o m e t e r .
b.  The u r i n a r y  VRA i n d i c e s  were  d e t e r m i n e d  by t h e  m e t h o d  o f  
P ó c s i  e t  a l .  / 1 0 /  u s i n g  VRA-GlcNAc s u b s t r a t e s ,  w i t h o u t  u r i n a r y  
g e l f i 1 t r a t i o n . The a b s o r b a n c e s  were  r e a d  a t  505 nm, VR A -G lc N A c -  
ase  a c t i v i t y  was c a l c u l a t e d  d i r e c t l y  v i a  t h e  s p e c i f i c  m o l a r  
a b s o r p t i v i t y  / 8 / .
c .  The u r i n a r y  c r e a t i n i n e  c o n c e n t r a t i o n  was d e t e r m i n e d  by 
J a f f e ' s  method  / 1 1 /  u s i n g  a M a s t e r  c l i n i c a l  c h e m i s t r y  a n a l y s e r  
( A . M e n a r i n i  ) .
d .  Serum f r u c t o s a m i n e  was m easu re d  by c o l o r i m e t r i c  method  
u s i n g  f r u t t o s a m m i n a  HF k i t  (A .  M e n a r i n i )  on t h e  same a n a l y s e r .
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RESULTS
S i m i l a r  t o  o t h e r  a u t h o r s  / 1 4 /  we have  fo u n d  t h a t  e l e v a t e d  
NAG i n d i c e s  i n  IDDM are a s s o c i a t e d  w i t h  a " p o o r "  l o n g - t e r m  
g l y c é m i e  c o n t r o l .  T h i s  e x p e r i e n c e  c o u l d  be s u p p o r t e d  by ou r  
t h r e e  p a t i e n t s  ( F i g .  1 ) :
Duration of 
diabetes
15 y
22 y
Patient:
F i g .  1. Serum f r u c t o s a m i n e  l e v e l s  and u r i n a r y  NAG-ase a c t i v i t y  
i n  d i a b e t i c  p a t i e n t s  a f t e r  a l o n g  p e r i o d  o f  IDDM
I n  t h e  case o f  P a t i e n t  A (a 16 y e a r  o l d  b oy )  a f t e r  15 y e a r s  
d u r a t i o n  o f  u n c o m p e n s a t e d  d i a b e t e s ,  s e r i o u s  k e t o a c i d o s i s  was 
o b s e r v e d  s e v e r a l  t i m e s  because o f  a l a c k  o f  home f a m i l y  
c o n t r o l .  A c c o r d i n g  t o  h i s  e l e v a t e d  f r u c t o s a m i n e  l e v e l  ( 3 . 5 - 5 . 5  
m m o l / 1 )  h i s  NAG i n d i c e s  were h i g h :  P N P i :  3 . 8 - 6 . 7  and VRAi :  2 . 6 -  
1 2 .0  y u m o l / m i n / m m o l , s h o w i n g  s e r i o u s  t u b u l a r  damage.
P a t i e n t  В was a 25 y e a r  o l d  m a l e ,  s u f f e r i n g  f r om  IDDM f o r  22 
y e a r s ,  b u t  h i s  VRAi  was c l o s e  to  n o r m a l  ( 0 . 8 1  / j m o l / m i n / m m o l ) .
P a t i e n t  C was a 32 y e a r  o l d  m a l e ,  s u f f e r i n g  f r om  IDDM f o r  
27 y e a r s .  H i s  VRAi  was o n l y  s l i g h t l y  e l e v a t e d  ( 1 . 4 5  
/ j m o l / m i n / m m o l ) . The f a v o u r a b l e  NAG i n d i c e s  r e c o r d e d  f o r
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p a t i e n t s  В and C i l l u s t r a t e d  t h e i r  w e l l - c o n t r o l l e d  m e t a b o l i c  
c o n d i t i o n  d u r i n g  t h i s  p e r i o d  o f  IDDM ( F i g . l ) .
A f t e r  t h e s e  o b s e r v a t i o n s  t h r e e  d i f f e r e n t  g ro u p s  o f  d i a b e t i c  
c h i l d r e n  were i n v e s t i g a t e d :  ( F i g .  2 a ,  b ,  c ) .
Se fructosamine t mmol/I )
5 _ upper limit of
the normal range
Group I 
Initial stage
Group II
Well-controlled
diabetes
Group Ш 
Labile diabetes
F i g . 2 a .  Serum f r u c t o s a m i n e  l e v e l s  (mean +_ SD) i n  d i a b e t i c  
c h i l d r e n
VRA index (umol/min/mmol créât.)
F i g . 2 b .  VRA i n d e x  (mean +_ SG):  u r i n a r y  NAG-ase a c t i v i t y  w i t h  
VRA s u b s t r a t e / u r i n a r y  c r e a t i n i n e  i n  d i a b e t i c  c h i l d r e n
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PNP index Ujmol/min/mmol créât.)
F i g . 2 c .  PNP i n d e x  (mean _+ SD): u r i n a r y  NAG-ase a c t i v i t y  w i t h  
PNP s u b s t r a t e / u r i n a r y  c r e a t i n i n e  i n  d i a b e t i c
c h i l d r e n
I n  g roup I  t h e  n e w l y  d i a g no s e d  d i a b e t i c  p a t i e n t s  had o n l y  a 
s l i g h t l y  e l e v a t e d  PNP i n d e x  ( 1 . 2 6  +_ 0 . 2  y u m o l / m i n / m m o l ) ,  and a 
n o r m a l  VRA i n d e x  ( 0 . 9 1  +_ 0 .4  / u m o l / m i n / m m o l  ) s h o w in g  n o r m a l
t u b u l a r  f u n c t i o n  i n  s p i t e  o f  t h e i r  i n s t a b l e  b l o o d s u g a r  l e v e l .  
I n  t h i s  i n i t i a l  s t a g e  (2  weeks-1 y e a r )  t h e i r  f r u c t o s a m i n e  l e v e l  
i n  t h e  serum was n o r m a l :  3 .2 9  +_ 0 .7 1  m m o l / 1  ( F i g .  2 ) .
I n  g roup  I I  t h e  w e l l - c o n t r o l l e d  d i a b e t i c  p a t i e n t s '  t u b u l a r  
f u n c t i o n  was n o r m a l  a f t e r  a l o n g  d u r a t i o n  o f  d i a b e t e s  ( 1 - 1 2  
y e a r s ) :  serum f r u c t o s a m i n e  2 .7 7  +_ 0 . 6 6  m m o l / 1 ,  u r i n a r y  VRA
i n d e x  0 .8 2  +_ 0 . 4 8  yumol /m in /mmol  and  PNP i n d e x  0 . 8 6  _+ 0 . 6 6
yu m o l /m in / m m o l  were a l s o  n o r m a l .
I n  g roup I I I  t h e  l a b i l e  d i a b e t i c  p a t i e n t s '  se rum
f r u c t o s a m i n e  l e v e l  was e l e v a t e d  ( 4 . 5 9  _+ 0 . 9 4  m m o l / 1 ) .  I n
a c c o r d a n c e  w i t h  t h i s ,  t h e  u r i n a r y  VRA i n d e x  ( 2 . 3 7  +_ 1 . 2 5  
yu m o l /m in / m m o l  ) and t h e  PNP i n d e x  ( 3 . 3 0  +_ 2 .1 4  y u m o l /m in /m m o l  ) 
w e r e  a l s o  h i g h e r .  C o m p a r i n g  g r o u p  I I  and g ro u p  I I I  whose 
d u r a t i o n  o f  d i a b e t e s  was s i m i l a r  ( 1 - 1 2  and 1 -1 5  y e a r s ) ,  o n l y  
t h e  l a b i l e  d i a b e t i c  g r o u p  I I I  showed c o n s i d e r a b l e  t u b u l a r  
damage ( F i g .  2 ) .
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DISCUSSION
D i a b e t e s  m e l l i t u s  i s  a s i g n i f i c a n t  cause  o f  m o r b i d i t y  i n  
c h i l d h o o d .  D u r i n g  t h i s  p e r i o d  o f  l i f e ,  t h e  t y p e  I  d i a b e t e s  i s  
t h e  mos t  s i g n i f i c a n t  f o r m  o f  t h e  d i s e a s e .  M i c r o -  and 
m a c r o a n g i o p a t h y  can be o b s e r v e d  d u r i n g  t h e  f o l l o w - u p  s t u d i e s  o f  
t y p e  I .  d i a b e t e s  m e l l i t u s .  Our p u r p o s e  was t o  c o n f i r m  t h e s e  
p r e v i o u s  o b s e r v a t i o n s  i n  t h e  t r e a t m e n t  o f  ou r  p a t i e n t s .  We were  
l o o k i n g  f o r  a s p e c i f i c  method  t o  d i a g n o s e  k i d n e y  damage a t  an 
e a r l y  s t a g e ,  b e f o r e  t h e  a p p e a r a n c e  o f  g l o m e r u l a r  damage o r  
o t h e r  m i c r o a n g i o p a t h y  as r e t i n o p a t h y .  As our  p a t i e n t s  had  no 
a l b u m i n u r i a ,  k i d n e y  damage,  r e p r e s e n t e d  by h i g h  NAG-ase 
a c t i v i t i e s ,  p r o v e d  t o  t e  t u b u l a r  i n  a l l  c a s e s .
A t  t h e  i n i t i a l  s t a g e  o f  d i a b e t e s  m e l l i t u s  (2  w e e k s - 1  y e a r )  
i n  t h e  g ro u p  I  a c c o r d i n g  t o  t h e  n o r m a l  f r u c t o s a m i n e  l e v e l ,  
u r i n a r y  NAG i n d i c e s  were  n o r m a l .  A l t h o u g h  t h e  u r i n a r y  NAG i n d e x  
i s  r e p o r t e d  as a s e n s i t i v e  p a r a m e t e r  o f  e a r l y  d i a b e t i c  
n e p h r o p a t h y  / 21 / ,  no t u b u l a r  damage c o u l d  be d e t e c t e d  i n  t h i s  
e a r l y  p e r i o d  o f  IDDM. From t h o s e  p a t i e n t s  who had  a l o n g  
d u r a t i o n  o f  IDDM we c o u l d  d i s t i n g u i s h  two g r o u p s  on t h e  b a s i s  
o f  t h e i r  serum f r u c t o s a m i n e  l e v e l :
I n  t h e  w e l l - c o n t r o l l e d  d i a b e t i c  g r o u p  I I  serum f r u c t o s a m i n e  
l e v e l  was be low  3 . 5  mmo l /1  and NAG i n d i c e s  showed n o r m a l  t u b u l a r  
f u n c t i o n .
I n  g ro u p  I I I  d i a b e t e s  was l a b i l e , t h e  serum f r u c t o s a m i n e  
l e v e l  was h i g h e r  t h a n  3 . 5  mmol /1 and t h e  h i g h  v a l u e s  o f  t h e  PNP 
and VRA i n d i c e s  i n d i c a t e d  t u b u l a r  damage.
S i m i l a r  t o  o u r  o b s e r v a t i o n s ,  s e v e r a l  s t u d i e s  d e m o n s t r a t e d  
t h a t  NAG a c t i v i t y  may be e l e v a t e d  i n  t h e  u r i n e  o f  d i a b e t i c  
p a t i e n t s  / 1 6 ,  1 7 / .  Aga rdh  e t  a l .  / 1 7 /  f o u n d  a p o s i t i v e  
c o r r e l a t i o n  be tw een m e t a b o l i c  c o n t r o l  (H bA lc  se rum l e v e l )  and 
NAG a c t i v i t y .  W a t t s  e t  a l .  / 1 4 /  a l s o  showed s i g n i f i c a n t l y  
e l e v a t e d  NAG i n d i c e s  i n  d i a b e t i c  p a t i e n t s .  The e l e v a t i o n  was 
c o n s i d e r a b l y  h i g h e r  i n  t h o s e  d i a b e t i c s  w i t h  " p o o r "  c o m p a r e d  t o  
" g o o d "  g l y c é m i e  c o n t r o l .  They c o n f i r m e d  t h e  s i g n i f i c a n t  
c o r r e l a t i o n  be tw een  l o g  (u r in e  N A G / u r i n e  c r e a t i n i n e )  and HbAlc  
and l o g  ( u r i n e  a l b u m i n / u r i n e  c r e a t i n i n e ) .
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The e x a c t  m e c h a n i s m  o f  t u b u l a r  damage i s  n o t  known y e t .  I t  
i s  p o s s i b l e  t h a t  t h e  o s m o t i c  s t r e s s  c a u s e d  by g l u c o s u r i a  and 
p r o t e i n  g l y c o s y l a t i o n  i s  r e s p o n s i b l e  f o r  t u b u l o p a t h y .  On t h e  
o t h e r  hand,  as M i l t é n y i  e t  a l .  r e p o r t e d  / 2 2 / ,  th e  c o n s e q u e n c e  
o f  uncompensa ted  m e t a b o l i c  s t a t e  f r e q u e n t l y  l e a d s  t o  
k e t o a c i d o s i s  c o n t r i b u t i n g  to  t h i s  c o n d i t i o n .  We can a g re e  w i t h  
M o r i t a  e l  a l  . / 1 9 /  i n  s u g g e s t i n g ,  t h a t  NAG r e f l e c t s  l y s o s o m a l  
d y s f u n c t i o n  o f  b o t h  g l o m e r u l a r  and p r o x i m a l  t u b u l a r  e p i t h e l i a l  
c e l l s ,  caused by p o o r  g l y c é m i e  c o n t r o l .  Our d a t a  c o n f i r m  t h i s  
h y p o t h e s i s ,  beca use  t h e  p a t i e n t s  i n  g r o u p  I I I  h a v i n g  a h i g h  
s e r u m  f r u c t o s a m i n e  l e v e l  showed t u b u l a r  damage.  These r e s u l t s  
seem t o  s u p p o r t  t h e  b e n e f i t  o f  m e a s u r i n g  NAG-ase a c t i v i t y  t o  
c h e c k  t u b u l a r  f u n c t i o n .
I n  t h e  l a t e s t  c l i n i c a l  e v a l u a t i o n  o f  NAG-ase / 1 6 /  among t h e  
d i f f e r e n t  i n d i c a t o r s  o f  r e n a l  t u b u l a r  damage (s uch  as gamma 
g l u t a m y l t r a n s p e p t i d a s e , a l b u m i n ,  t o t a l  p r o t e i n ,  r e t i n o l  b i n d i n g  
p r o t e i n ,  b e t a - 2 - m i c r o g l o b u l i n ) ,  th e  NAG i n d e x  p r o v e d  t o  be v e r y  
u s e f u l  p r e d i c t o r  o f  d i a b e t i c  n e p h r o p a t h y .  As Gibb e t  a l . 
c o n f i r m e d  th e  s i g n i f i c a n t  c o r r e l a t i o n s  b e t w e e n  u r i n a r y  NAG-ase 
/ c r e a t i n i n e  and u r i n a r y  a l b u m i n /  c r e a t i n i n e ,  as w e l l  as u r i n a r y  
N A G - a s e /  c r e a t i n i n  an d  HbAlC show s t r o n g  c o r r e l a t i o n  i n  
d i a b e t i c  c h i l d r e n  / 2 1 / .  These d a ta  e m p h a s i z e  t h e  p o s s i b i l i t y ,  
t h a t  t u b u l a r  damage c a n  be p r e v e n t e d  i n  t h e  case o f  IDDM by 
c a r e f u l  m e d i c a l  c o n t r o l ,  d i e t  and a p p r o p r i a t e  l i f e  s t y l e .
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CONGENITAL ANOMALIES: CAOSE OF MORTALITY AND WORKLOAD IN A 
NEONATAL INTENSIVE CARE ONIT
G. FARID
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A n a l y s i s  of  s t a t i s t i c s  o f  o u r  N e o n a t a l  I n t e n s i v e  Care  
U n i t  (N ICU)  f r o m  t h e  y e a r s  1 9 8 0 ,  1985 and 1990 r e v e a l e d  
a r e l a t i v e l y  c o n s t a n t  number  o f  r e f e r r e d  new bor n  
i n f a n t s  w i t h  c o n g e n i t a l  d i s o r d e r s .  The c o n t r i b u t i o n  o f  
m a l f o r m a t i o n s  t o  t h e  t o t a l  w o r k l o a d  o f  ou r  NICU d i d  n o t  
s i g n i f i c a n t l y  change d u r i n g  t h e  decade e v a l u a t e d ;  a t  
t h e  same t i m e ,  a d r o p  i n  l e t h a l  cases  r e l a t e d  t o  
c o n g e n i t a l  a n o m a l i e s  was o b s e r v e d .  These t e n d e n c i e s  
r e f l e c t  more s t r i c t  s e l e c t i o n  c r i t e r i a  o f  t h e  r e f e r r i n g  
s m a l l  h o s p i t a l s  due t o  t h e i r  i m p r o v i n g  t e c h n i c a l  and 
p r o f e s s i o n a l  means,  b u t  a r e  n o t  c h a r a c t e r i s t i c  o f  t h e  
e p i d e m i o l o g y  o f  c o n g e n i t a l  d i s o r d e r s  i n  o u r  r e g i o n .
INTRODUCTION
Due t o  t h e  r a p i d  d e v e l o p m e n t  o f  m e d i c a l  s c i e n c e  and 
t e c h n i q u e s  i n  t h e  f i e l d s  o f  o b s t e t r i c s  and n e o n a t o l o g y ,  t h e  
s u r v i v a l  r a t e  o f  m a t u r e  and i m m a t u r e  ne o n a te s  a d m i t t e d  t o  t h e  
n e o n a t a l  i n t e n s i v e  c a r e  u n i t s  (N IC U )  i s  s t e a d i l y  i m p r o v i n g  / 3 ,  
4 / .
As a c o n s e q u e n c e ,  i n f a n t s  who w o u l d  have d i e d  s h o r t l y  a f t e r  
b i r t h  because  o f  c o n g e n i t a l  a n o m a l i e s  a re  b e c o m i n g  a 
c o n s i d e r a b l e  p a r t  o f  t h e  w o r k l o a d  o f  a NICU, d e m a n d i n g  more 
s o p h i s t i c a t e d  and c o s t l y  man agem en t ,  d i a g n o s t i c a l  m e th ods  
( g e n e t i c ,  b i o c h e m i c a l ,  e t c . )  and t r e a t m e n t  ( e . g . ,  s u r g i c a l  
i n t e r v e n t i o n s )  / 4 / .  We were i n t e r e s t e d  i n  s t u d y i n g  t h e  r e c o r d s  
o f  o u r  NICU t o  see w h e t h e r  t h e r e  was any s i g n i f i c a n t  i n c r e a s e  
i n  c o n g e n i t a l  a n o m a l i e s  d u r i n g  a t e n - y e a r  p e r i o d  and  w h e t h e r  
t h e y  had a s i g n i f i c a n t  i n f l u e n c e  on o u r  s u r v i v a l  r a t e s .  We were 
f u r t h e r  i n t e r e s t e d  i n  l o o k i n g  f o r  t h e  most  f r e q u e n t  a n o m a l i e s  
and t h e i r  i n f l u e n c e  on t h e  w o r k l o a d  and m o r t a l i t y  r a t e  o f  ou r  
NICU.
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PATIENTS AND METHODS
The t e n - y e a r  p e r i o d  between 1980 and  1990 was c h o s e n ,  and 
t h e  c o l l e c t e d  d a t a  o f  th e  y e a r s  1 9 8 0 ,  1985 and 1990 w ere  
s c r e e n e d  f o r  n e o n a t e s  a f f e c t e d  w i t h  one o f  th e  t h r e e  m a in  
d i a g n o s t i c  c a t e g o r i e s ,  namely c o n g e n i t a l  m a l f o r m a t i o n s ,  
ch ro m o s o m a l  a n o m a l i e s  and m e t a b o l i c  d i s o r d e r s .
Such c r i t e r i a  as b i r t h w e i g h t  and g e s t a t i o n a l  age were n o t  
t a k e n  i n t o  c o n s i d e r a t i o n ;  a l l  b a b i e s  a d m i t t e d  f rom be low  1 . 0 0 0  
g up t o  5 .0 0 0  g w e r e  s ea rc hed  f o r  one o f  t h e  a b o v e - m e n t i o n e d  
m a i n  d i a g n o s t i c  c a t e g o r i e s .
I n f a n t s  a f f e c t e d  w i t h  c o n g e n i t a l  m a l f o r m a t i o n s  were d i v i d e d  
i n t o  one g ro up  w i t h  a s i n g l e  and a s e c o n d  one w i t h  m u l t i p l e  
m a l f o r m a t i o n s .  " S i n g l e "  was d e f i n e d  as o n l y  one o rg a n  b e i n g  
a f f e c t e d  w i t h  one o r  more d e f e c t s  ( a s  e . g .  i n  F a l l o t t ' s  
t e t r a l o g y ) ,  w h e re a s  " m u l t i p l e "  was d e f i n e d  as a t  l e a s t  two  o r  
m or e  o rg ans  b e i n g  a f f e c t e d  ( e . g .  a t r i a l  s e p t a l  d e f e c t  and 
d u o d e n a l  a t r e s i a ) .
We a l s o  d i v i d e d  o u r  p a t i e n t s  a c c o r d i n g  t o  t h e i r  sex t o  see 
w h e t h e r  one o f  t h e  s e x e s  showed a g r e a t e r  t e n d e n c y  o f  h a v i n g  
c o n g e n i t a l  a n o m a l i e s .
A f t e r  mak ing  a g e n e r a l  a s s e s s m e n t ,  we s p e c i f i e d  t h e  
m a l f o r m a t i o n s  a c c o r d i n g  t o  o rg ans  o r  o r g a n s y s t e m s . Cases w i t h  
m u l t i p l e  m a l f o r m a t i o n s  had to  be c l a s s i f i e d  a c c o r d i n g  t o  t h e  
v i t a l l y  more i m p o r t a n t  o r g a n ;  t h u s ,  a c a s e  w i t h  an a f f e c t i o n  o f  
t h e  c a r d i o v a s c u l a r  s y s t e m  and t h e  g a s t r o - i n t e s t i n a l  t r a c t  was 
l i s t e d  w i t h  t h e  f o r m e r  o r g a n s y s t e m .  T h i s ,  o f  c o u r s e ,  was done  
a c c o r d i n g  t o  o u r  own j u dgem en t  and c a n n o t  c l a i m  c o m p l e t e  
a c c u r a c y .
The l e t h a l  c a s e s  w e r e  f i n a l l y  s u m m a r i z e d  and p u t  i n  r e l a t i o n  
t o  t h e  annua l  o v e r a l l  m o r t a l i t y  r a t e ,  and  t h e  s i g n i f i c a n c e  o f  
e a c h  o r g a n / o r g a n s y s t e m  was e v a l u a t e d .
RESULTS
T a b l e  I  c l e a r l y  d e m o n s t r a t e s  t h a t  t h e  amount  o f  cases  w i t h  
c o n g e n i t a l  a n o m a l i e s  d i d  n o t  c o n s i d e r a b l y  change d u r i n g  t h i s  
t e n - y e a r  p e r i o d .  H o w e v e r ,  t h e  r e l a t i v e  s i g n i f i c a n c e  o f
c o n g e n i t a l  a n o m a l i e s  i n c r e a s e d  due t o  t h e  g r a d u a l  r e d u c t i o n  o f  
a d m i s s i o n s ,  w h ic h  i s  r e f l e c t e d  i n  T a b l e  I .
As e x p e c t e d ,  c o n g e n i t a l  m a l f o r m a t i o n s  s t r i k i n g l y  d o m i n a t e d  
o u r  o t h e r  two d i a g n o s t i c  c a t e g o r i e s .  As shown i n  T a b l e  I ,  
c h r o m o s o m a l  a n o m a l i e s  and m e t a b o l i c  d i s o r d e r s  d i d  n o t
s i g n i f i c a n t l y  c o n t r i b u t e  t o  th e  w o r k l o a d  o f  ou r  NICU and d i d  
n o t  e s s e n t i a l l y  ch a n g e  i n  f r e q u e n c y  d u r i n g  t h i s  p e r i o d .
T a b l e  I I  f u r t h e r  shows t h a t  t h e  m a j o r  p a r t  o f  ou r  p a t i e n t s
TABLE I
N um er i c  d i s t r i b u t i o n  o f  c o n g e n i t a l  a n o m a l i e s  i n  r e l a t i o n  t o  t h e  a n n u a l  a d m i s s i o n s
T o t a l  number 
o f  p a t i e n t s T o t a l
M a l f o r m a t i o n s  
S i n g l e  M u l t i p l e
Chromosomal  M e t a b o l i c  
d i s o r d e r s
G i r l s 180 37 27 10 4 5
1980 Boys 243 49 35 14 2 1
T o t a l 432 86 62 24 6 6
G i r l s 187 25 18 7 2 2
1985 Boys 206 43 30 13 2 0
T o t a l 393 68 48 20 4 2
G i r l s 151 36 29 / 4 0
1990 Boys 213 42 36 6 3 3
T o t a l 364 78 65 13 7 3
C
ongenital 
anom
alies
TABLE I I
C l a s s i f i c a t i o n  o f  m a l f o r m a t i o n s  a c c o r d in g  t o  o rg a n s  and o rg a n  sys te m s
Nervous
system
Cardio­
vascular
Respira tory
system
Gastro­
in t e s t i n a l
U rogen ita l
system
Bone and 
muscles
Skin Others
S. M. S. M. S. M. S. M. S. M. S. M. S M. S. M.
G i r ls 1 1 13 0 0 3 9 0 1 2 2 3 0 0 1 0
1980 Boys 5 2 6 2 0 0 12 5 5 1 2 4 0 0 5 1
Total 6 3 19 2 0 3 22 5 6 3 4 7 0 0 6 1
G ir ls 0 0 12 3 0 0 3 3 1 0 2 1 0 0 0 0
1985 Boys 0 0 15 2 1 1 7 3 5 4 1 2 0 1 1 0
Tota l 0 0 27 5 1 1 10 6 6 4 3 3 0 1 1 0
G ir ls 3 1 18 1 0 1 4 3 1 0 1 1 0 0 2 0
1990 Boys 0 1 18 2 0 0 9 2 6 1 2 0 0 0 1 0
Tota l 3 2 36
1
3 0 1 13 5 7 1 3 1 0 0 3 0
S: S ingle malformation 
M: M u l t ip le  malformations
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TABLE I I I
D is t r ib u t io n  o f le th a l i t ie s  according to  organs and organ systems in  re la t io n  to  the annual o v e ra ll m o r ta lity  (%)
Tota l
le th a l i t ie s
M a lfo r­
mations
Nervous 
system 
S. M.
Cardio
vascu lar
R esp ir. 
system 
S. M.
Gastro­
in te s t in a l
U rogen ita l
system
Bone and 
muscles
Skin Others
S. M. S. M.П 0"0 n 0,0 S. M. S. M. S. M. S. M.
G ir ls 39 21.6 8 20.5 0.0 2.5 2.5 5.1 0.0 5.1 5.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1980 Boys 58 23.9 15 25.8 3.4 1.7 3.4 3.4 0.0 0.0 8.6 5.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tota l 97 22.9 33 34.0 2.0 2.0 3.1 4.1 0.0 2.0 7.2 3.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
G ir ls 31 16.6 11 35.5 0.0 0.0 19.3 6.4 0.0 0.0 3.2 3.2 0.0 0.0 0.0 3.2 0.0 0.0 0.0 0.0
1985 Boys 51 24.7 15 29.4 0.0 0.0 15.6 5.8 0.0 0.0 0.0 0.0 0.0 1.9 0.0 0.0 0.0 0.0 0.0 0.0
T ota l 92 20.9 26 31.7 0.0 0.0 17.0 6.0 0.0 0.0 1.2 1.2 0.0 1.2 0.0 1.2 0.0 0.0 0.0 0.0
G ir l 25 16.5 3 12.0 0.0 0.0 8 .0 0.0 0.0 0.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1990 Boys 42 19.7 3 7.1 0.0 0.0 2 .9 0.0 0.0 0.0 2.3 0.0 0.0 2.3 0.0 0.0 0.0 0.0 0.0 0.0
Tota l 67 18.4 6 8.9 0.0 0.0 4 .5 0.0 0.0 0.0 2.9 0 0 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0
S: S ing le  m alform ation 
M: M u lt ip le  m alform ations
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was a f f e c t e d  w i t h  m a l f o r m a t i o n s  o f  t h e  c a r d i o v a s c u l a r  s ys t em  
and  the  g a s t r o i n t e s t i n a l  s y s t e m .  Cases w i t h  s i n g l e  
m a l f o r m a t i o n s  d o m i n a t e d  th e  m u l t i p l e  on e s .  The c a r d i o v a s c u l a r  
a f f e c t i o n s  showed a s t r i k i n g  i n c r e a s e ,  a l m o s t  d o u b l i n g  i n  
numbe r  f rom 1980 t o  1990 .  As t o  t h e  o t h e r  o r g a n s / o r g a n s y s t e m s , 
we c o u l d  n o t  o b s e r v e  any s i g n i f i c a n c e  c o n c e r n i n g  t h e i r  
f r e q u e n c y  and t h e i r  c o n t r i b u t i o n  t o  t h e  t o t a l  w o r k l o a d  o f  ou r  
N ICU.  A n o th e r  i n t e r e s t i n g  f e a t u r e  o f  o u r  f i n d i n g s  was t o  
o b s e r v e  the  r e l a t i v e  d ro p  o f  l e t h a l  c a s e s  r e l a t e d  t o  c o n g e n i t a l  
m a l f o r m a t i o n s  ( T a b l e  I I I ) .  I n  1980 n e o n a t e s  w i t h  m a l f o r m a t i o n s  
s t i l l  made up 34% o f  t h e  t o t a l  d e a t h  r a t e ;  i n  1990 ,  t h e y  made 
up o n l y  6%.
T a b l e  I I I  d e m o n s t r a t e s  a g a i n  t h a t  t h e  a f f e c t i o n s  o f  t h e  
c a r d i o v a s c u l a r  s y s t e m  had t h e  m a j o r  s h a r e  i n  t h e  o v e r a l l  d e a th  
r a t e .  As one can  s e e ,  t h e y  r e a c h e d  t h e i r  peak a t  23% i n  1985 
and  i n  1990 d r o p p e d  back  a l m o s t  t o  t h e  same number as i n  1980 .
As f a r  as t h e  s e x e s  were c o n c e r n e d ,  we c o u l d  n o t  r e a l l y  f i n d  
s i g n i f i c a n t  d i f f e r e n c e s  be tween ma le  and f e m a l e ;  t h e y  seemed to  
be a l m o s t  e q u a l l y  a f f e c t e d  by c o n g e n i t a l  a n o m a l i e s ,  t h o u g h  
t o t a l l y  c o n s i d e r e d  ( T a b l e  I ) ,  e v i d e n t l y  l e s s  g i r l s  and more 
b o y s  were a d m i t t e d  t o  o u r  NICU.
C o n g e n i t a l  t u m o u r s  were n o t  o b s e r v e d .  The a l t o g e t h e r  17 
c a s e s  o f  c h r o m o s o m a l  d i s o r d e r s  w ere  r e e v a l u a t e d .  A u t o s o m a l  
t r i s o m i e s  o c c u r r e d  i n  14 i n f a n t s  and U l l r i c h - T u r n e r  syn d ro m e  i n  
3 n e o n a t e s ,  b u t  no s t r u c t u r a l  a b n o r m a l i t i e s  and c e n t r o m e r i c  
a n o m a l i e s  were seen  i n  t h i s  m a t e r i a l .
DISCUSSION
A c c o r d i n g  t o  g e n e r a l  t r e n d s ,  t h e  i n c i d e n c e  o f  c o n g e n i t a l  
a n o m a l i e s  i s  r i s i n g  / 3 ,  4 / .  I n t e r e s t i n g l y  enough ,  t h i s  t r e n d  
c o u l d  n o t  be o b s e r v e d  as f a r  as o u r  NICU was c o n c e r n e d .  The 
f r e q u e n c y  o f  a d m i s s i o n s  o f  n e o n a t e s  a f f e c t e d  w i t h  c o n g e n i t a l  
a n o m a l i e s  d i d  n o t  s i g n i f i c a n t l y  c h a n g e .  The p r e -  and p o s t n a t a l
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d i a g n o s t i c a l  p o s s i b i l i t i e s  w h ic h  i m p r o v e d  d u r i n g  t h e  t e n - y e a r  
p e r i o d  o b v i o u s l y  h e l p e d  t o  s p e c i f y  c o n g e n i t a l  a n o m a l i e s  more 
p r e c i s e l y  b u t  s t i l l  d i d  n o t  a l t e r  t h e  number o f  a d m i s s i o n s .  
H o w e v e r ,  th e  r e l a t i v e  s i g n i f i c a n c e  o f  c o n g e n i t a l  a n o m a l i e s  f o r  
t h e  w o r k l o a d  o f  o u r  NICU i s  c h a n g i n g ,  due t o  t h e  g r a d u a l  
r e d u c t i o n  o f  t o t a l  a d m i s s i o n s ;  t h e r e  i s  o b v i o u s l y  a s h i f t  o f  
t h e  w o r k l o a d  o f  o u r  NICU, w h i c h  i n c r e a s i n g l y  has t o  d e a l  w i t h  
t h e  more  c o m p l i c a t e d  c a s e s ,  l e a v i n g  t h e  l e s s  s e v e re  ones  t o  t h e  
s m a l l e r  h o s p i t a l s  o f  o u r  r e g i o n ,  whose t e c h n i c a l  means a r e  
s t e a d i l y  i m p r o v i n g ,  a d e v e l o p m e n t  w h i c h  matches  s i m i l a r  r e p o r t s  
on t h i s  s u b j e c t  / 4 / .
C o n g e n i t a l  a n o m a l i e s  had a m a j o r  s h a r e  i n  th e  o v e r a l l  d e a t h  
r a t e  back i n  19 8 0 .  Bu t  c o n t r a r y  t o  o t h e r  r e p o r t s  / 4 /  t h e y  a r e  
g r a d u a l l y  l o s i n g  t h e i r  i m p a c t  on t h e  o v e r a l l  m o r t a l i t y .  
I m p r o v e d  d i a g n o s t i c  means and a d v a n c e d  s u r g i c a l  t e c h n i q u e s  a r e  
e s s e n t i a l  f a c t o r s  i n  r e d u c i n g  o u r  l e t h a l  c a s e s .  A t  t h e  same 
t i m e ,  m a l f o r m a t i o n s  o f  t h e  c a r d i o v a s c u l a r  sys tem a re  r e l a t i v e l y  
g a i n i n g  i m p o r t a n c e ,  a l t h o u g h  t h e  number  o f  l e t h a l  c a s e s  
d e c r e a s e d  c o n s i d e r a b l y ,  as m e n t i o n e d  b e f o r e .  Of c o u r s e ,  we a r e  
aw are  t h a t  t h e  f i g u r e s  i n  T a b l e  I I I  have t o  be r e g a r d e d  
c r i t i c a l l y ,  k n o w i n g  t h a t  we have  p r o b a b l y  m i s s e d  some 
c a r d i o v a s c u l a r  c a s e s  i n  1980 be ca u se  o f  t h e  l a c k  o f  an a d e q u a t e  
s o n o g r a p h i c  a p p a r a t u s .  Nowadays t h o u g h ,  u l t r a s o u n d  s c r e e n i n g  o f  
o u r  b a b i e s  i s  p a r t  o f  o u r  d a i l y  r o u t i n e .  Our f i n d i n g s  c o n f i r m  a 
s i m i l a r  r e p o r t  on t h i s  s u b j e c t  by F i s c h e r  e t  a l .  / 2 /  p o i n t i n g  
o u t  t h e  i n c r e a s i n g  i n c i d e n c e  o f  c o n g e n i t a l  c a r d i o v a s c u l a r  
m a l f o r m a t i o n s ,  a l t h o u g h  t h e y  o b s e r v e d  a t  t h e  same t i m e  a r i s e  
o f  t h e i r  m o r t a l i t y .  We p resume t h a t  o u r  d rop i n  l e t h a l  c a s e s  
can be a s c r i b e d  t o  ou r  ad va nced  d i a g n o s t i c a l  m e t h o d s  and 
s u r g i c a l  t e c h n i q u e s ,  w hereas  mos t  o f  ou r  l o s s e s  a r e  due t o  
a l r e a d y  n o n p r e v e n t a b l e  c a s e s ,  such as new bor ns  w i t h  e x t r e m e  low  
b i r t h w e i g h t .
A l t h o u g h  o u r  s t u d y  shows t h a t  t h e  c o n t r i b u t i o n  o f  n e o n a t e s  
w i t h  c o n g e n i t a l  a n o m a l i e s  t o  t h e  o v e r a l l  d e a th  r a t e  o f  o u r  NICU 
i s  d e c r e a s i n g ,  t h e  r e l a t i v e  s i g n i f i c a n c e  i s  f o l l o w i n g  s i m i l a r  
t r e n d s  i n  o t h e r  c o u n t r i e s ,  d e m a n d i n g  more s o p h i s t i c a t e d  and 
c o s t l y  management ,  d i a g n o s t i c a l  m e t h o d s ,  and t r e a t m e n t .
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The p r e s e n t  d a t a  a re  s u b j e c t  t o  changes i n  l o c a l  
c i r c u m s t a n c e s  b u t  do n o t  r e p r e s e n t  t h e  n a t i o n a l  t r e n d s  i n  
e p i d e m i o l o g y  o f  c o n g e n i t a l  a n o m a l i e s  / 1 / .
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LACTIC ACIDOSES AND HYPERPYRUVATAEMIAS
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A. S z e n t - G y ö r g y i  M e d i c a l  U n i v e r s i t y ,  D e p a r t m e n t  o f  P e d i a t r i c s  
Sz eged ,  -*-K. Pándy C o u n t y  H o s p i t a l ,  P e d i a t r i c  D e p a r t m e n t ,  Gyu la ,  
^Semmelwe is  M e d i c a l  U n i v e r s i t y ,  I .  D e p a r t m e n t  o f  P e d i a t r i c s ,
Budapes t
R e c e i v e d  12 November 1993
The p r i m a r y  l a c t i c  a c i d o s i s ,  p r i m a r y  
h y p e r p y r u v a t a e m i a  ( L e i g h ' s )  and  s e c o n d a r y  l a c t i c  
a c i d o s i s  a n d / o r  h y p e r p y r u v a t a e m i a  cases  have  been  
c l a s s i f i e d  by r e t r o s p e c t i v e  a n a l y s i s .  8 p a t i e n t s  were  
d e t e c t e d  w i t h  p r i m a r y  l a c t i c  a c i d o s i s  (4 o f  them were  
n e o n a t a l  t y p e s ,  3 i n f a n t i l e ,  1 c h r o n i c  o n e ) .  6 c h i l d r e n  
s u f f e r i n g  f r o m  p r i m a r y  h y p e r p y r u v a t e m i a  s u b a c u t e  
n e c r o t i s i n g  e n c e p h a l o m y e l o p a t h y  ( L e i g h ' s )  were  
d i a g n o s e d .  S e c o n d a ry  l a c t i c  a c i d o s i s  and/or  
h y p e r p y r u v a t a e m i a  were n o t i c e d  i n  22 p a t i e n t s  ( w i t h  
a m i n o a c i d o p a t h i e s , m e t a b o l i c  m y o p a t h i e s ,  e t c ) .
INTRODUCTION
L a c t i c  a c i d e m i a s  can be r e s u l t e d  f r o m  p r i m a r y  d e f e c t s  i n  
t h e  m e t a b o l i s m  o f  p y r u v a t e  o r  f r o m  s e c o n d a r y  d i s o r d e r s  t h a t  
a f f e c t  t h e  m e t a b o l i s m  o f  p y r u v a t e  and l a c t a t e .
P y r u v a t e  i s  m e t a b o l i z e d  t o  a c e t y l - C o A  by a m u l t i - e n z y m e  
p y r u v a t e  d e h y d r o g e n a s e  comp le x  (PDHC),  o r  i t  can be m e t a b o l i z e d  
t h r o u g h  t h e  g l y c o n e o g e n i c  pa th w ay  t o  o x a l o a c e t a t e  by a b i o t i n -  
d e p e n d e n t  c a r b o x y l a s e  (BDC) .  The l a t t e r  d e f e c t  may be a s i n g l e  
ofr m u l t i p l e  c a r b o o x y l a s e  d e f i c i e n c y .  PDHC c o n s i s t s  o f  a .  
C a t a l y t i c  enzym es :  1.  P y r u v a t e  d e c a r b o x y l a s e  = E l ,  2.  
D i h y d r o l i p o y l  t r a n s a c e t y l a s e  = E2, 3.  L i p o a m i d e  d e h y d r o g e n a s e  =
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E3 b .  R e g u l a t o r y  en zym e s:  1.  P y r u v a t e  d e h y d r o g e n a s e  p h o s p h a t a s e  
2 .  P y r u v a t e  k i n a s e ;  C a r b o x y l a s e s :  1.  P y r u v a t e  c a r b o x y l a s e .
2.  M u l t i p l e  c a r b o x y l a s e  d e f i c i e n c y ;  D i s o r d e r s  o f  p y r u v a t e  
w i t h  enzyme d e f e c t :  1. M i t o c h o n d r i a l  m y o p a t h i e s ,  2 .  L e i g h ' s  
s u b a c u t e  e n c e p h a l o p a t h y .  . / 1 ,  9 /
C l i n i c a l  f e a t u r e s  a r e  c e r e b e l l a r  a t a x i a ,  h e r e d i t a r y  
s p i n o c e r e b e l l a r  d e g e n e r a t i v e  c o n d i t i o n ,  a c i d o s i s ,  h y p o t o n i a ,  
s e i z u r e s  and r e t a r d e d  d e v e l o p m e n t .  F a s t i n g  h y p o g l y c a e m i a  can 
o c c u r ,  t o o .  The n e o n a t a l  t y p e  o f  l a c t i c  a c i d o s i s  i s  a s s o c i a t e d  
w i t h  p r o g r e s s i v e  n e u r o l o g i c a l  damage w i t h  i n t e r m i t t e n t  
l e t h a r g y ,  i r r i t a b i l i t y  and s e i z u r e s  e l e v a t e d  b l o o d  l a c t a t e  and 
p y r u v a t e  c o n c e n t r a t i o n s ,  s e v e r e  t a c h y p n o e  and h y p o t o n i a .  The 
d i s o r d e r s  o f  t h e  PDHC and t h e  t r i c a r b o x y l i c  c y c l e  a r e  m o s t l y  
r a p i d l y  p r o g r e s s i v e  and f a t a l .
D e f i c i e n t  a c t i v i t y  o f  m u s c l e  c y t o c h r o m e - c  o x i d a s e  has  a l s o  
be e n  r e p o r t e d  i n  a p a t i e n t  w i t h  a m i t o c h o n d r i a l  m y o p a t h y  
a s s s o c i a t e d  w i t h  c h r o n i c  l a c t i c  a c i d e m i a  g r o w t h  f a i l u r e  and 
n e r v e  d e a f n e s s  / 3 /  and i n  a p a t i e n t  w i t h  s u b a c u t e  n e c r o t i z i n g  
e n c o p h a l o m y o p a t h y  ( L e i g h ' s  d i s e a s e )  / 1 4 / .
The p r i m a r y  l a c t i c  a c i d o s i s ,  p r i m a r y  h y p e r p y r u v a t a e m i a  
( L e i g h ) ,  s e c o n d a r y  l a c t i c  a c i d e m i a  a n d / o r  h y p e r p y r u v a t a e m i a  
c a s e s  have been  c l a s s i f i e d  by r e t r o s p e c t i v e  a n a l y s i s  i n  t h i s  
s t u d y .
MATERIAL AND METHODS
B lo od  and c e r e b r o s p i n a l a  f l u i d  (CSF)  l a c t a t e  and p y r u v a t e  
l e v e l s  were i n v e s t i g a t e d  by t h e  m et hod  o f  G l o s t e r  and  H a r r i s  
/ 7 /  m o d i f i e d  by Eck and Boda / 4 / .  L e v e l s  o f  a m i n o  a c i d s  
( s e m i - q u a n t i t á t i ve a n d / o r  q u a n t i t a t i v e  a n a l y s e r ) ,  b l o o d  ammonia,  
c a p i l l a r y  a c i d  b a s i s  p a r a m e t e r s  and o r g a n i c  a c i d s  w e r e  a l s o  
a n a l y s e d .
RESDLTS
8 p a t i e n t s  were  d e t e c t e d  t o  have  p r i m a r y  l a c t i c  a c i d o s i s :  4 
o f  them were n e o n a t a l  t y p e s ,  3 i n f a n t i l e  and 1 c h r o n i c  one .
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Almost a l l  o f  the n e o n a t a l  t y p e  p a t i e n t s  d i e d  d u r i n g  t h e  n e o n a t a l  
p é r i o d e .  O n ly  1 p a t i e n t  ( 3 t h  c a s e )  d i e d  a t  9 months  o f  a g e .  6 
p a t i e n t s  were  d i a g n o s e d  w i t h  p r i m a r y  h y p e r p y r u v a t a e m i a  ( L e i g h ) ,  
4 w i t h  i n f a n t i l e  and 2 w i t h  c h r o n i c  t y p e s  ( T a b l e  I ) .
TABLE I
Type d i s t r i b u t i o n  o f  t h e  l a c t i c  a c i d o s i s
Type L a c t i c  a c i d o s i s  
n
H y p e r p y r u v a t e m i a
n
S e c o n d a r y  l a c t i c  
a c i d o s i s / h y p e r -  
p y r u v a t e m i a  n
N e o n a t a l 4 - -
I n t a n t i l e 3 4 13
C h r o n i  c 1 2 9
S e c o n d a r y  l a c t i c  a c i d o s i s  a n d / o r  h y p e r p y r u v a t a e m i a  o c c u r r e d  
i n  22 ca se s  w i t h  a m i n o a o c i d o p a t h y ,  m e t a b o l i c  m y o p a t h i e s  e t c .  
L a b o r a t o r y  d a t a  and g e n e t i c a l  t y p e s  o f  l a c t i c  a c i d o o s e s  a r e  
seen  i n  T a b l e  I I .
DISCUSSION
I n  t h e  f i r s t  g r o u p : 3 o f  t h e  4 n e o n a t a l  t y p e  p r i m a r y  l a c t i c  
a c i d o t i c  n e w bor ns  d i e d  i n  t h e  e a r l y  n e o n a t a l  s t a g e  w i t h i n  t h e  
f i r s t  24 h o u r s  o r  u n t i l  t h e  3rc  ^ week o f  l i f e ,  1 case d i e d  a t  9 
mo nt hs  o f  age .  I n  t h e  1s t  and 4 t h  c a s e s ,  p e r i v e n t r i c u l a r  
l e u k o m a l a c i a  has been  c l a r i f i e d  by t h e  a u t o p s y ,  w i t h  o r  w i t h o u t  
g l i o s i s  and c a p i l l a r y  p r o l i f e r a t i o n  and w i t h  a c t i v e  l i p i d  
p h a g o c y t i c  h i s t i o c y t e s .
TABLE I I
Laboratory and gene t i ca l  data o f  l a c t i c  acidoses and hyperpyruvatemia
Name Sex Diagnosis Date Lactate
mmol/1
Pyruvate
A J IT O l/1
Type
Primary l a c t i o  ac idosis n=8
1 .  Márta R. f l a c t i c  ac idosis 04.02.1989. blood 9.5 388 + neon ta la l
03.02.1989
2. Ani ta M. f l a c t i c  ac idosis 11.09.1990. blood 26.6 127 + n e o n a t a l
1s t  day
3. Szimenetta E.x f l a c t i c  acidosis 13.04.1990. blood 4.1 399 + neonatal
9th month-age encephalopathy
4. Andre G. m l a c t i c  ac idosis 1990. blood 6.0 - + neonatal
1s t  day suco in y lac idur ia
a r g i m n u r i a
5. Agnes Jónás f l a c t i c  ac idosis 1987. blood 4.1 253 + i n f a n t i l e
2305.84 CSF 8.2 316 4 y
6 . Andrea Cs. f l a c t i c  ac idosis 17.10.1989. blood 4.2 439 i n f a n t i l e
3y. encephalo-myopathy
7. Ervin F. m l a c t i c  ac idosis 1990. blood 3.7 228 i n f a n t i l e
3 y.
8 . Károly Sz. m l a c t i c  ac idosis 1990. blood 3.6 263 chronic
4 y.
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Name Sex Diagnosis Date Lactate
mmol/1
Pyruvate
yumol/1
Type
Primary hyperpyruvatemia n= 6
1 . Ákos sz. m hyperpyruvatemi a 1989. blood 0.52 327 i n f a n t i l e
12.09.87 (Leigh) 1990. blood 2.8 125
2 . Ákos J. m Leigh 09.04.1990. blood 0.59 203 i n f a n t i l e
13.08.86. 26.06.1990. blood 0.51 338
3. Ádám H. m Leigh 22.03.1990. blood 2.8 148 + i n f a n t i l e
14.12.89. CSF 0.76 342
4. Zsuzsa К. f Leigh 25.12.1985. blood 1.83 136 i n f a n t i  l e
26.12.83. autism CSF 0.62 179
5. Péter К. m Lei gh 1990. blood 1.9 219 + chronic
25.05.81. CSF 0.92 68 9 y.
6 . Alexandra Е. f hyperpyruvatemi a 1990. blood 2.09 203 chronic
05.08.89.
X Dg.: f a m i l i a l  cytochrome-c-oxidase (COX) de f i c i ency  Ádám F . ,  brother  o f  Sz.E. died of COX de f i c iency
V^l
ro
L
a
ctic acidoses
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l h e  most  s e v e r e  c l i n i c a l  l e a d i n g  symptoms were m u s c u l a r  
h y p o t o n i a ,  d y s p h a g i a ,  m e t a b o l i c  e n c e p h a l o p a t h y .  P t o s i s  o c c u r r e d  
i n  o n l y  1 c a s e s .  A l l  o f  them r e q u i r e d  r e s p i r a t o r y  v e n t i l l a t i o n  
f o r  d i f f e r e n t  d u r a t i o n s .
E p i l e p t i c  c r a m p s  d i d  n o t  o c c u r  i n  t h e  n o n a t a l  t y p e  o f  
p r i m a r y  l a c t i c  a c i d o t i c  p a t i e n t s .  3 o f  t h e  i n f a n t i l e  t y p e  
l a c t i c  a c i d o t i c  c a s e s  5 t h  -  7 t h  shoowed g e n e r a l i z e d  m u s c l e  
h y p o t o n i a  w i t h  p s y c h o m o t o r i c  r e t a r d a t i o n .  I n  t h e  5 t h  c a s e ,  GM 
s e i z u r e s  a p p e a re d  i n  t h e  l a t e r  s t a g e  o f  t h e  d i s e a s e .
I n  t h e  c h r o n i c  t y p e  o f  p r i m a r y  l a c t i c  a c i d o t i c  ( c a s e  8 t h )  
r e l a t i v e l y  m i l d ,  r a r e l y  s e v e r e  m e t a b o l i c  a c i d o s i s  and m e n t a l  
r e t a r d a t i o n  c h a r a c t e r i z e d  t h e  c l i n i c a l  sym p to m s .
I n  t h e  s e c o n d  g r o u p :  B i o p s y  m a t e r i a l s  o f  l i v e r ,  
c o n j u n c t i v e  and s k i n  w e r e  n e g a t i v e  w i t h o u t  any d i a g n o s t i c  v a l u e  
i n  t h e  i n v e s t i g a t e d  2 p a t i e n t s  ( p r i m a r y  h y p e r p y r u v a t a e m i a  5 ,  6 
c a s e s ) .
I n  t h e  p r i m a r y  h y p e r p y r u v a t e m i c  g r o u p  s u b a c u t e  n e c r o t i s i n g  
e n c e p h a l o p a t h y  ( L e i g h ' s )  t h e  c e t e b r a l  CT showed p a r t l y  
a s y m m e t r i c  o r d i f f u s e  c e r e b r a l  c o r t i c a l  a t r o p h y  and v e n t r i c u l a r  
d i l a t a t i o n  i n  d i f f e r e n t  d e g r e e s  ( 1 ,  4 ,  5 ,  6 c a s e s ) .
I n  one c ase  ( 2  c a s e ,  Ákos J .  t h e  e c h o e n c e p h a l o g r a p h y  
showe d a d i l a t e d  g l o b u l a r  l i k e  I I I  v e n t r i c u l e  and 
p e r i v e n t r i c u l a r  l e s i o n  s i m i l a r  t o  h y p o x i c  e n c e p h a l o p a t h y .
M e t a c h r o m a t i c  l e u k o d y s t r o p h y  had been  e x c l u d e d  a c c o r d i n g  t o  
t h e  n o r m a l  l e u k o c y t e  a r y l s u l f a t a s e - A  a c t i v i t y .
The CT f i n d i n g s  a r e  a l s o  a s p e c i f i c  s i m i l a r l y  t o  t h e  
h y p o x i c  c e r e b r a l  l e s i o n .  I t  i s  q u e s t i o n a b l e  t h a t  NMR w o u ld  be 
o f  more d i a g n o s t i c  v a l u e  because  o f  known NMR f i n d i n g s  o f  
o r g a n i c  a c i d u r i a s .
S p e c i a l  symptoms o f  l a c t i c  a c i d o s e s  i n  t h e  n e o n a t a l  t y p e  
w e r e :  a s p e c i f i c  i d i o p a t h i c  r e s p i r a t o r y  d i s t r e s s  synd rom e 
( I R D S ) ,  apnoe and s e v e r e  m e t a b o l i c  a c i d o s i s :  and i n  t h e  c h r o n i c  
t y p e :  f a i l u r e  t o  t h r i v e ,  d e l a y e d  m o t o r  f u n c t i o n s ,  m u s c l e  
h y p o t o n i a ,  r e d u c e d  m u s e l l e  mass,  v o m i t i n g  a t t a c k s  and m e n t a l  
r e t a r d a t i o n .
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M y o c l o n i c  e p i l e p s y  was n o t i c e d  i n  one case (5 c a s e ,  P é t e r  
К . ) ,  on EEG e p i l e p t i c  p o t e n t i a l s ,  c o n v u l s i v e  a c t i v i t é s  w ere  
seen  i n  two  ca s e s  ( 5 ,  Ágnes J .  p r i m a r y  l a c t i c  a c i d o s i s  and 1,  
Ákos Sz .  P r i m a r y  h y p e r p y r u v a t e m i a  L e i g h ' s ) .
C e t e b r a l  e n c e p h a l o p a t h y  was d e t e c t e d  i n  t h r e e  c a s e s  and 
c e r e b e l l a r  symptoms i n  o t h e r  t h r e e  c a s e s  ( 2 ,  4,  6 L e i g h ' s  
c a s e s ) .  5 case  ( P é t é e r  К . )  d i e d  a t  9 y e a r s  a u t o p s y  r e v e l a e d  
d i f f u s e  c e r e b r a l  a t r o p h y  and p o l y m i c r o g y r i a .
I n  t h e  t h i r d  g r o u p s :  S e c o n d a r y  l a c t i c  a c i d o s i s  a n d / o r  
h y p e r p y r u v a t e m i c  c a s e s  c o n s i s t e d  o f  6 m y o p a t h i c  p a t i e n t s  (2  o o f  
them m i t o c h o n d r i a l - ,  1 case  c a r n i t i n e  d e f i c i e n c y - ,  1 w i t h  
m e t a b o l i c  m y o p a t h y )  and 2 cases  g l y c o g e n  m y o p a t h i e s  t y p e  I I  
( P o m p e ) ;  o f  1 s y s t h e m i c  g l y c o g e n o s i s  p a t i e n t  ( t y p e  I I I ) ;  o f  5 
a m i n o a c i d o p a t h i c  p a t i e n t n s  (3  n o n - k e t o t i c  h y p e r g l y c i n e m i a ,  1 
b i t i n i d a s e  d e f e c t ,  1 h i s t i d i n e m i a ; o f  4 i n f a n t i l e  a u t i s t i c  
c h i l d r e n ;  o f  1 a t a x i a  t e l e a n g i e c t a s i a ,  1 f a m i l i a l  a t a x i a ,  o f  2 
b r o t h e r s  w i t h  t a p e t o r e t i n e a l  d e g e n e r a t i o n  (GM e p i l e p s y ) ,  1 c ase  
w i t h  n .  o p t i c  a t r o p h y  and o f  1 a c u t e  l y m p h o b l a s t i c  l e u k e m i c  
c h i l d  w i t h  m o s t l y  s e c o n d a r y  h y p e r p y r u v a t e m i a .
The n e u r o l o g i c a l  p r o g r e s s i v e  l e s i o n s  were e n c e p h a l o p a t h y  
t y p e  i n  3 c a s e s ,  c e r e b e l l a r  t y p e  w i t h  a t a x i a  i n  2 c a s e s  and 
w i t h o u t  any o r g a n i c  n e u r o l o g i c a l  a f f e c t i o n s  i n  t h e  o t h e r  c a s e s .
GM e p i l e p t i c  t y p e  was d e t e c t e d  by EEG i n  o n l y  2 b r o t h e r s  
s u f f e r e d  f r o m  t a p e t o r e t i n e a l  d e g e n e r a t i o n  as b a s i c  d i s o r d e r .
The c r a n i a l  CT was n e g a t i v e  i n  t h e  a f o r e m e n t i o n e d  
b r o t h e r s ,  b u t  t h a t  showed c e r e b e l l a r  a t r o p h y  i n  1 c a s e  w i t h  
a t a x i a  t e l e a n g i e c t a s i a .
B r a i n  s c i n t i g r a p h y  was n o r m a l  i n  1 case  ( i n f a n t i l e  a u t i s m  
w i t h  s e c o n d a r y  h y p e r p y r u v a t e m i a ) .
Symptoms i n  p a t i e n t s  w i t h  d i s o r d e r s  o f  PDHC may p r e s e n t  
a c u t a l y  i n  n e o n a t a l  and e a r l y  i n f a n t i l e  l i f e  as s e v e r e  
a c i d o s i s ,  a r a p i d l y  p r o g r e s s i v e  f a t a l  i l l n e s s  o r  i n  l a t e r  
i n f a n c y  and c h i l d h o o d  w i t h  d e l a y e d  m o t o r  and n e u r o l o g i c a l  
d e v e l o p m e n t ,  a t a x i a  and w i t h  f e a t u r e s  o f  L e i g h ' s  d i s e a s e  / В / .  
P a t i e n t s  may show c h a r a c t e r i s t i c  d y s m o r p h i c  f e a t u r e s  w i t h  a 
n a r r o w e d  h e a d ,  w id e  n a s a l  b r i d g e  w i t h  m i c r o c e o p h a l y ,  a g e n e s i s  
o f  t h e  c o r u p u s  c a l l o s u m  and d e m y e l i m a t i o n  i n  r a r e  c a s e s  / 1 1 / .  
Our l a c t i c  a c i d o s i s  c a s e s  ( 1 ,  2 and 5 )  s h o u l d  be PDHC d e f i c i e n t
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w i t h  s e v e r e  a c i d o s i s  and r a p i d l y  p r o g r e s s i v e  d i s o r d e r s .  The 
p a t i e n t s  w i t h  f e a t u r e s  o f  L e i g h ' s  e n c e p h a l o m y o p a t h y  s h o u l d  be 
c l a s s i f i e d  i n t o  t h e  PDHC d e f i c i e n t  g r o u p ,  t o o  ( p r i m a r y  
h y p e r p y r u v a t e m i a  n = 6 ) .
The o t h e r  g r o u p  o f  c o n g e n i t a l  l a c t i c  a c i d o s e s  r e p r e s e n t s  
t h e  p y r u v a t e  c a r b o x y l a s e  d e f i c i e n c y  t h a t  a s s o c i a t e d  w i t h  
n e o n a t a l  p r e s e n t a t i o n  w i t h  h e p a t o m e g a l y ,  k e t o s i s ,  
h y p e r a m m o n i a e m i a , c i t r u l l i n a e m i a  and  d e a t h  w i t h i n  t r e e  m on th s  
a f t e r  b i r t h .  An o t h e r  g ro u p  p y r u v a t e  c a r b o x y l a s e  (PC) i s  
c h a r a c t e r i s e d  by a c i d o s i s ,  h y p o t o n i a ,  s e i z u r e s  and r e t a r d e d  
d e v e l o p m e n t .  F a s t i n g  h y p o g l y c a e m i a  i s  r a r e l y  r e c o r d e d  and t h e  
o b s e r v e d  symptoms a r e  v e r y  v a r i a i b l e .  S u r v i v a l  ( f o r  s e v e r a l  
y e a r s  o f  l i f e )  depends  on t h e  s e v e r i t y  o f  o r g a n i c  a c i d u r i a  i n  
w h i c h  l a c t a t e  c o n c e n t r a t i o n s  g r e a t l y  exc e e d  t h o s e  o f  p y r u v a t e .  
C i t r a t e  e x c r e t i o n  i s  n o rm a l  b u t  i n c r e a s e d  e x c r e t i o n  o f  
f u m a r a t e ,  m a l a t e  and  2 - o x o g l u t a r a t e  o c c u r s  / 1 2 / .  S p e c i f i c  
enzyme a c t i v i t y  me asu re m en ts  o f  PDHC and PC have n o t  been 
e x a m i n e d  i n  ou r  c a s e s  b u t  a c c o r d i n g  t o  t h e  t y p i c a l  c l i n i c a l  
sym ptoms and l a b o r a t o r y  d a t a  1 c a s e  was s u s p e c t e d  f o r  PC 
d e f i c i e n c y  ( A n d r e  G . ) .
S e v e r a l  p a t i e n t s  have been d e s c r i b e d  w i t h  m i t o c h o n d r i a l  
m y o p a t h i e s  / 6 / ,  s e v e r e  l a c t i c  a c i d o s i s  as s e c o n d a r y  t y p e ,  a 
p r o g r e s s i v e  i l l n e s s ,  and w i t h  d e f e c t s  i n  t h e  r e s p i r a t o r y  c h a i n  
i n  mu sc le  m i t o c h o n d r i a  / 2 / .  We have  d e t e c t e d  s e c o n d a r y  l a c t i c  
a c i d o s i s  a n d / o r  h y p e r p y r u v a t i c  c a s e s  w i t h  m i t o c h o n d r i a l ,  
c a r n i t i n e  d e f i c i e n c y ,  g l y c o g e n  m y o p a t h i e s ,  d i f f e r e n t  
a m i n o a c i d e p a t h i e s  w i t h  i n f a n t i l e  a u t i s m s .
I t  i s  known t h a t  many d i s o r d e r s  o f  g l y c o n e g e n e s i s  a r e  
a s s o c i a t e d  w i t h  s e c o n d a r y  l a c t i c  a c i d o s i s ,  so i n  t h e  c a s e s  o f  
p r i m a r y  enzyme d e f i c i e n c i e s  o f  g l u c o n e o g e n e s i s  ( g l u c o s e - 6 -  
p h o s p h a t a s e ,  f r u c t o s e  1 , 6 - d i p h o s p h a t a s e , p y r u v a t e  c a r b o x y l a s e ) ;  
and  i n  t h e  s e c o n d a r y  d i s o r d e r s  t h a t  i n h i b i t  g l y c o n e o g e n e s i s  
m u l t i p l e  c a r b o x y l a s e  d e f i c i e n c y ,  p r o p i o n i c ,  m e t h y l m a l o n i c  
a c i d e m i a ,  c a r n i t i n e  d e f i c i e n c y ,  Roye s y n d ro m e  / 5 / .
T h e r a p e u t i c  a p p r o a c h e s  t o  l a c t i c  a c i d o s i s  a re  a k e t o g e n i c  
d i e t ,  T h i a m i n e ,  B i o t i n e  (Me-pha 5 0 - 7 0  mg t o t a l  d o s i s ) ,  2 5 - 1 0  
m g / d a y ,  R i b o f l a v i n  ( 1 0  mg/kg b . w . / d a y ) ,  L i p o i c  a c i d  (2 5  mg/kg  
b . w . / d a y ) ,  Coenzyme Q / 5 / .  D i c h l o r o a c e t a t e  (50  mg/kg b . w . / d a y ) ,
Lactic acidoses 325
a l k a l i  t h e r a p y  i s  i n d i c a t e d  when t h e  pH i s  l e s s  t h a n  7 . 1 0 .  
P e r i t o n e a l  d i a l y s i s  remov es  l a c t a t e  i n  s e r i o u s  l a c t i c  a c i d o t i c  
a t t a c k  .
Many l a c t i c  a c i d o s e s  r e m a i n  u n d e t e r m i n e d  c l i n i c a l l y .  Serum 
and c e r e b r o s p i n a l  f l u i d  l a c t i c  and p y r u v i c  a c i d  s h o u l d  be 
m e a s u r e d  s y s t e m a t i c a l l y  i n  u n e x p l a i n t e d  n e u r o l o g i c a l  symptoms 
o r  d i  s e a s e .
D a h l  e t  a l .  / 2  a /  d e t e c t e d  m o l e c u l a r  d e f e c t s  i n  L e i g h  
s y n d r o m e ,  p y r u v a t e  d e h y d r o g e n a s e  (PDH) d e f i c i e n c y  was o b s e r v e d  
i n  2 p a t i e n t s ,  w h i l s t  5 p a t i e n t s  had c y t o c h r o m e  c o x i d a s e  (COX) 
d e f i c i e n c y .  M u s c l e  enzymes were a n a l y s e d  i n  L e i g h  p a t i e n t s  and 
r e v e a l e d  a comp le x  1 d e f e c t  and m u t a t i o n s  i n  PGH E 1 A l f a  gene .  
We n o t i c e d  cox d e f i c i e n c y ,  t o o ,  i n  one (E )  f a m i l y .
The aim o f  t h i s  a r t i c l e  was t o  d ra w  t h e  a t t e n t i o n  t o  t h e  
e a r l y  d i a g n o s i s  o f  p r i m a r y  and s e c o n d a r y  l a c t i c  a c i d o s e s  and 
h y p e r p y r u v a t a e m i a  ( L e i g h ' s )  t o  c r e a t e  t h e  p o s s i b i l i t y  f o r  t h e  
t h e r a p y  and p r e n a t a l  d i a g n o s i s .
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